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The literature of Electric Lighting is already ex- 
tensive, but when regarded from the working electri- 
cian's point of view it seems to leave much to be 
desired. Perhaps no branch of science carried into 
practice has been so generally favoured with the 
attention of eminent mathematicians as electricity. 
It is more than probable that, owing to this fact, the 
study of electric lighting is generally presented to 
beginners with a bias unduly favouring the mathe- 
maiical aspect of the question. It is, of course, well 
known that it is impossible to study electricity with- 
out the aid of the higher mathematics. But only a 
limited number of those engineers who desire to 
acquire the knowledge necessary for everyday pur- 
poses are acquainted with even the symbols of the 
calculus ; and as so many previous writers of works on 
electric lighting are profound mathematical thinkers, 
a great deal of what has already been written (and 
which is, no doubt, most pregnant with thought) is, 
for the present, not available to the average reader. 

There can be little doubt, therefore, that there is a 
great want of teachers who will not attempt to soar 
above the mental capacities and attainments of men 
who have received only a general education. 
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The present volume is intended as an attempt ill 
this direction. It consists mostly of the every-day 
notes of a working electrician, expressed in the sim- 
plest available language. It is addressed to intelligent 
men already engaged in the work of electric lighting, 
or training for it ; and it more especially refers to the' 
branches known as "fitting" or "wiring." The con- 
tents of the book will be found arranged more in 
accordance with the natural sequence of the work 
of electric lighting than in relation to the relative 
importance of the subjects. A general knowledge 
of electricity, and particularly of electric lighting, 
has been assumed on the reader's part. No attempt 
has been made to form a text-book, or to teach 
trained electrical engineers any part of their busi- 
ness ; but some of the facts and methods dealt with in 
these pages may, nevertheless, prove both new and 
usehil even to experts. 

The present edition has been enlarged by tin 
addition of brief articles on fft^A Pressures am 
Safety ; Distribution by Different Systems j Permis- 
sible Leakage ; Overheating in Cables -and Bituminoui, 
Insulation ; and Dynamotor Transformers. 

Mr. Musgrave Heaphy, C.E., has kindly giver 
permission to quote the valuable set of copyrigh) 
" Rules " which have been drawn up by him for th< 
Phcenix Fire Office, and are in use all over the world 
and permission has also been kindly given to set on 
the new " Wiring Rules " of the Institute of Electrict 
Engineers, issued so recently as July, 1897. 

Chapter VI., on The Incandescent Lighting of Shifi 
now includes an account of the installation on 1 
Inman liner City of New York, for which the auth^ 
has to thank Mr. Chas. H. Peters, electrician aboai 
that vessel. 
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CHAPTER I. 

CENTRAL STATION WORK. 

The duties that fall upon the electrician in charge at 
I central distributing station vary considerably at 
establishments of dififerent capacities. But those who 

I are training for responsible posts of this nature, 
whether they aspire to the care of a City central 
station or to the charge of a simple "installation," 
will find it essential to be familiar with the following 

Lleading facts and principles ; — 

(i.) The particular fields of apjilication of the 

r separately excited dynamo machine (this type o 
dynamo may be considered a magneto machine, as 
well as the obsolete permanent magnet type). The 
uses of the series-wound dynamo. The particular 
application of the shunt-wound machine. The mean- 
ing of compound winding in its two main branches 
of what Professor S. P. Thompson terras short-shunt 

I compound and long-shunt compound. 
(2.) How to produce constant current from a 
dynamo. How to produce constant potential. The 
particular application of constant current and catv- 
■ \ 
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stant potential must be known ; e.g., a constai 
potential dynamo will not necessarily run arc lam] 
in series, nor will a merely constant current machinf 
run incandescent lamps in parallel. 

(3.) The alternate -current dynamo, separately ex- 
cited, is rising into importance, but its peculiar 
features are easily grasped by the student. The 
various methods of raising and lowering potential in 
this form of dynamo, by " coil grouping " and speed- 
ing, and varying the field must be familiarly known. 

(4.) The nature of the magnetic circuit in 
dynamo, and the meaning of " magnetic leakage " 
applied to the machine. 

(5.) The general management of dynamos, embody- 
ing foundation work ; speeding ; belting ; governing, 
mechanically and electrically; treatment of the com- 
mutators and brushes and bearings, 

(6.) Testing for faults or electrical leakage ii 
dynamos, in mains, in branches, and in sub-branch( 
(sometimes called " twigs "], 

(7.) The methods of running dynamos in parallel 
(particularly alternators used in incandescent lightingj 
and in series. 

(8.) The application of voltmeters, ammeters, ant 
other measuring instruments used in a suppl] 
station. 

Separate Excitation. — Although formerly used 
chiefly for installations of arc lamps in series, 
separately excited dynamos are now largely used for 
incandescent lighting. In large distributing stations 
separately excited machines are almost exclusively 
(invariably so if alternators) used for feeding into 
the mains. The separate current is generally 
obtained fropi a smaller dynamo, series or shunt. 
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6md sometimes compound- wound. The diagram 
• (Fig. i) is intended to show the disposition of the 
wire upon the separately excited machine, x re- 
presents the extremities of the iield magnet coils, 
which are connected direct to the exciting machine; 
a shows the armature, commutator, and brushes, the 
current from which is led off as + — into the main 
wires of the lighting circuit- 
Regulating devices of various kinds are frequently 
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Mtparats Eitilalion. Pg. j.— Series Wlddini;. Fig. j.-Sbunt Winding 

bsed, and placed upon the exciting machine circuit. 
A few of these are explained further on. 

Series Winding. — For arc lamps placed in series, 
upon a circuit, especially if the demand for cuiTent be 
constant, as in street lighting, no arrangement has 
been found so generally serviceable as series winding. 
In this form of the machine the whole current from 
Ethe armature circulates through the field coils. Such 
Jiachines, to work satisfactorily, are geuexa-Wj "KvaAft 




4 CENTRAL STATION WORK. ■ 

with comparatively light field magnets, and witha 
numerous convolutions on the armature. Fig. 2 re- ' 
presents diagrammatically the course of the current 
in a series dynamo. 

But series dynamos are very generally used upon 
circuits in which the number of lamps varies or the 
call for current is not constant. In such cases the 
machine is regulated by automatic devices introduced 
into the main circuit. One form of dynamo 
(Thomson-Houston) is provided with a very efficient 
arrangement for shifting the position of the brushes 
upon the commutator as the current varies, and so 
causing the machine to evolve more or less current as 
required. Another dynamo (Brush's) is provided 
with a regulator which shunts off the exciting part of 
the current from the field in such proportion as may 
be required. 

Shunt Winding. — It has been said that the series- 
wound dynamo is chiefly used for arc lighting, 
because it is well adapted for producing constant 
current as distinguished from constant potential, which 
is essential in the running of incandescent lamps. 
The aim of a builder of dynamos for incandescent 
lighting is to produce a machine in which the arma- 
ture resistance shall be exceedingly small. As this 
resistance bears a very small proportion to that of the 
exterior part of the circuit such a machine is found 
to be nearly self-regulating, especially when wound 
in the manner known as " compound." 

Fig- 3 represents the arrangement of the winding 
in acommonshuntmachine. A continuous balancing 
of the current goes on in such a dynamo. The 
current, as it is taken off the commutator by the 
bnishesj is divided in the inverse ratio of theic 
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^K irespective resistances between the field magnet and 
^m the exterior, or lamp, circuit. If the load of lamps 
increases, a larger proportion of the current passes 
through the shunt field coils, so strengthening the 
whole current. If the load of lamps be diminished, 
the process is the reverse of this. 

Compound Winding. — For constant potential work- 
ing, as in the running of incandescent lamps, a great 
advantage is gained by the methods of winding of the 
field coils known as compound. In this arrangement, 
which is becoming very common, two sets of coils are 
employed to excite the field, both series and shunt. 
In one form the extremities of the shunt coil are con- 
nected to the terminals of the main circuit. This is 
generally spoken of as a long shmif. In another 
form the shunt is connected to the brushes of the 
machine, known as a short shunt. As a rule, the 
series coils are wound first upon the magnet, and the 
shunt coils upon the outside. Sometimes the winding 
is the reverse of this ; or they may occupy the same 
position with regard to the core, and lie side by side. 
The series coils are short and thick; the shunt coils 
usually long and thin. The shunt coil is usually so 
arranged that the machine will readily excite itself 
at low speed, "mhen the exterior portion of the circuit is 
open, 

PHand and Automatic Regulation. 
Neither shunt nor compound winding has been 
found to meet the exigencies of all circuits, and the 
necessities of the different cases have called into use 
various devices for regulating the current supply to 
^B .the demand. They are usually regulated by hand, or 
^■fey some mechanico-electrical device upotL the dyna.mo 



itself. In the management of dynamos it is essential 
to understand the nature of the regulator, if one be 
used, and we therefore select for examples three 
methods, now very generally employed, both in 
isolated plants and in central stations. 

Hand Regulator.— T)xe device shown in Fig. 4 was 
introduced by Edison. It consists essentially of a 
shunt-wound dynamo, having in the shunt portion 
of the circuit a rheostat R, by means of which more 
or less resistance can bo thrown into the shunt. 




Between each pair of studs is introduced a coil of iroin 
wire, and, as the studs are connected in series, move- 
ment of the lever up or down will vary the length of 
resisting wire through which the shunted exciting 
current has to pass. This arrangement will be found 
very serviceable when the demand for current is fairly 
constant, or for adjusting the dynamo to a given 
number of incandescent lamps which are expected to 
be simultaneously alight. It is even in use in central 
distributing stations, chiefly for the incandescent 
lamp circuits. 
Automatic Regulation. — It the demand for current I 

KU 



rSH'S REGULATOR. 

variable, as in arc lighting or in public incandescent , 

lighting, automatic quick-acting regulators must be I 

used. 

A very efficient form is employed by the Brush I 

[Company, chiefly for arc lighting, the simplest at- 

ment of which is represented as a diagram in 

r 5. It may be used upon a series-wound dy- 

a represents an ordinary electro magnet 

r{usually a pair of solenoids, with movable cores, 




are used), the coil of which is in the main circuit 
from the dynamo c. When the current is normal 
this magnet exerts a gentle pull upon its arma- 
ture. If several of the lamps in circuit become 
extinguished the current thereby increases rapidly. 
The regulator is designed to step in at this point and 
shunt off" a portion of the current exciting the field 
magnets. This is effected by means of a carbon resistr 
I ance column, consisting of a pile of carbon plates. 
In its normal position the electro magnet armature 
keeps the discs apart, but when the curieDi iiQTs\ ?i.wj. 



cause becomes abnormally strong its pull incroases, 
the carbon pile is compressed, and a proportion of 
the exciting current is thereby short-circuited through 
it. The effect is to weaken the field and to reduce 
the potential and current. The property of carbon so 
arranged to vary its resistance in response to a slight 
pressure renders this form of regulator singularly 
efficient. 
Lately Mr. Geipel added a relay to this arrange- 




Fig. 6,-Thoiii!oii.Hou!loB KeguUlor. 

ment, by means of which it is rendered still more 
sensitive. It consists essentially of another double 
solenoid, controlling two contacts with the regulator 
solenoid wires. Upon an increase or decrease of the 
current taking place the relay instantly weakens 
or strengthens the action of the regulator coils, thus 
giving to the whole arrangement a double control, for 
while the regulator adjusts for the field magnets the 
relay adjusts for the regulator. 

Representative of another type of automatic regula- 
tor.Fig. 6 shows as a diagram the arrangem,3nt of the 
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■homson-Houston device as applied to the dynamo 
Jiat name, a is a straight electro raagnet, with a 
Itxtremity of conoidal form, over which the ring-like 
[armature &c moves when attracted. This form of pole 
ind armature is used also in the Thomson-Houston 
irc lamp. It is adapted for imparting a long pull to 
ie armature without the liability of coming into con- 
tact. 
W- This electro magnet, the construction of whicli is 




■bown in Fig. 7, is placed in the main circuit of the 
Biachine, and its function is to adjust the position of 

\the brushes upon the commutator of the machine e. 
lit is well known that a change of the brushes from 
llhe normal position will result in a diminution of 
■current. Normally the electro magnet is supposed to 
Vbe short-circuited, through the by-pass wire leading 
Tito dy and is only brought into play by any increase or 

diminution of the current due to lamps being taken 

pfF or put on, or other minor causes. The electto 
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magnet is thus controlled by the current itself by I 
means of the electro magnetic solenoids s, which are 
included in any convenient part of the circuit. These 
solenoids are more clearly shown in Fig. 8, and their 
fiinction is either to short-circuit the brush regulating 
magnet a or to put it 
in circuit. Referring to 
Fig. 8, the cores of the 
solenoids c are sup- 
ported in position by a 
spring s, and they carry ' 
upon their yoke a con- 
tact point O. If the 
current increases in 
strength, the solenoids 
pull up the cores and 
break contact at o, so 
throwing the regulating I 
brush) magnet into the \ 
circuit. Reverting to i 
Fig. 7, the lever A and A' I 
carries a small air dash-pot s, to obviate jerky action of 1 
the parts, and in practice this lever is continuously vi- ' 
bratiiig and adjusting the brushes to the consumption 
of the current. The resistance r. Fig. 6, is usually 
composed of carbon, and is very high, its function being 
to absorb the destructive sparking which would other- 
wise occur at the contacts. The coils /?« represent 
the electro magnet of the dynamo. The Thomson- 
Houston commutator is distinguished by the air-blast 
arrangement used to blow out the sparks evolved 
there. This sparking cannot well otherwise be got 
rid of in an armature of high tension with only three 
parts or coils. The high tension sparking i^ not, I 




however, so destructive as that due to a larger current | 
at a lower tension. ' 

"Lead" in the Adj'udmcnt of the Brushes. — In a per- 
fect dynamo, having no self-induction or otlier faults, 
the brushes would bear upon exactly opposite diame- 
ters of the commutator at right angles to the lines of 
force in the magnetic field. But in practice it is found 
that the most advantageous points for collection are a 
certain number of degrees in advance of this in the 
direction of motion ; this is known as the angular lead 
of the brushes. 

In ordinary series-wound dynamos used in arc light- 
ing this position, once found, wilt generally remain 
constant. This is due entirely to the fact that the 
field magnets are in the main circuit, and any change 
of the current strength affects the ivhole machhte, arma- 
ture and field alike. But in shunt and compound- 
wound machines the relation does not remain con- 
stant, and the "point of best collection" may vary 
with the work in the circuit. 

As a rule it is found that the point called neutral, or 
the point of tcasi sparking, is the position of best 
collection for the brushes. In starting a dynamo this 
cannot be determined in any rough way until the 
machine is put upon full load at the normal speed. 
Both in relation to the output of the dynamo and to 
the wearing "life" of its commutator, the correct 
setting of the brush frame is of much importance. In 
well-designed machines the collecting points are 
always exactly opposite, and brush frames, although 
constructed to move a certain distance to the right 
and left of the collecting line, are usually fixed in 
relation to the diametrically opposed positioi 
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cnt of the "lead" is one of the ficat. | 



points a dynamo attendant finds it essential to under- 
stand. Indeed, whenever the load upon the machine 
varies to any considerable extent, the brushes should 
be adjusted accordingly. The "lead" was formerly 
supposed to be due to magnetic lag in the armature, 
but although this has undoubtedly its effect in dyna- 
mos built with iron armatures, it is not the only factor 
necessitating " lead " in the brushes. 

Constant Position of the Neutral Point. — Many 
practical electricians suppose that the neutral point is 
apt to vary with the speed or output, or both. It 
may be of interest to note that in the experiments 
undertaken to determine this point by Mr. Mordey, 
with a Victoria dynamo and a Brush dynamo, no 
change in the position of the neutral point could be 
detected. This was true of the machines run under 
very different conditions of speed and load. 

Notes on the Management of Dynamo Machines. 

Foundations. — A great deal has been said as to the 
necessity for extremely solid or massive foundations 
There can be no doubt that, when the dynamo itself is 
but flimsily constructed such a basework will be of 
great advantage. But when the machine is properly 
proportioned, and, especially, is fitted with substantial 
rigid brush brackets, heavy foundations are not neces- 
sary. Many dynamos perform well when merely 
bolted to the flooring of a factory, a sheet or two of 
■\TiIcanised rubber, or better, of asbestos, being inter- 
posed. Heavy dynamos for permanent work should, 
of course, be carefully set upon substantial founda- 
tions. 

In connection with the foundations it is interesting 
to note that in several small central stations, when the 



I 



I 



I 



•^■«se*.-«f}>>A* 



»3 

dynamos are placed in basements of buildings, vibra- 
tion and noise are successfiilly combated by separat- 
ing their foundations from the walls. Thus, in the 
Groavenor Gallery station the foundations are heavily 
laid in concrete, separated from the walls of the 
building by a foot or so of soft clay. 

The chief objection to vibration is, no doubt^ the 
evil effect it has upon the brushes, commutator, and 
other collecting or regulating devices attached to 
the dynamo. For instance, such a dynamo as the 
Thomson-Houston, with its controlling apparatus, &c., 
would fare badly upon a light foundation. 

Erecting. — Large dynamos are usually delivered 
from the works in parts, packed separately. In 
bolting the carcase together it is necessary to observe 
particularly that the magnetic surfaces (forming part 
of the magnetic circuit) are not only clean, but freed 
firom oil or grease. If there is any doubt upon this 
point a sheet of Oakey's No. O emery cloth should 
be used for clearing all such surfaces. Many dynamos 
refuse to excite, or magnetise, on account of careless- 
ness in erecting. Not only must such surfaces be 
clean, but they must touch all over, and no nut must be 
tightened up until this is ascertained. In bolting 
down the main castings it is necessary to avoid 
buckling or twisting of the frame. 

Armatures are by far the most important portions 
of dynamos. It may be pointed out that the armature 
is necessarily, although heavy, a delicate part of the 
machine. Precautions should be taken, by means of 
wood packing and supports, to avoid abrasion of its 
wires. An accidental scratch or dent has destroyed 
many armatures before they were placed in the ma- 
chine. If possible, always sitfport an ormafwre ujon 
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tYs journals, and keep it away from filings, turnings, 
oil, or grease. The commutator end of the armature 
should be protected from accidental dents or scratches. 
A case came under our observation in which the 
erecting engineer was seen to roll a heavy drum 
armature over an engineer's workshop floor, towards 
the dynamo frame. The armature had afterwards 
to be removed from the machine, and re-wound 
throughout its exterior envelope. 

In erecting a dynamo it must always be borne in 
mind that if the running parts fit when cold thsy will 
become fixed when warmed up after the machine is 
started. End-play, to the extent of a fourth of an 
inch is therefore frequently allowed in armature jour- 
nals, not only to allow for expansion when under load, 
but to assist in distributing the oil on the journals 
and to obviate ruts, or grooving, being started upon 
the surface of the commutator. For this reason, and 
on the score of economy of power and cool bearings, 
tight belting should be avoided. A belt too tight 
will speedily ruin a pair of Journals and bearings, and 
will prevent end-play, with its advantages. When 
the armature is in position it should turn freely when 
moved by hand. 

Speeding and Belling. — The normal speed of the 
dynamo is usually stamped upon it, corresponding to 
the volts and amperes it is estimated to yield. The 
driving motor should be well governed. If a gas 
engine is used it is a common practice to drive with a 
rather flexible belt, and to put a heavy balance-wheel 
upon the axis ot the dynamo. Unsteady action oi 
the engine or shafting will speedily be observed in 
pulsations, or dimming and brightening of the lamps. 
Gas engines that take gas once in every two or thre^ 



\ 



\ 



I 
I 



BELTING DYNAMOS. 

revolutions are very troublesome on the score of 
"pulsating'" the lights. Such engines can, however, 
be speeded to talie gas at every revolution. 

Leather belting is being displaced for the larger 
dynamos by rope belting in several distinct strands. 
This presents the advantage that a total stoppage is 
less likely to occur by the slipping off of the belt, or by 
its breaking. The ropes are run in grooved pulleys, 
from three to any number being used. They are 
undoubtedly safer, more reliable, and cheaper than 
one large leather belt. Most of the smaller dynamos, 
up to 20 h.p., are, however, fitted for belts. Riveted 
belts should be avoided, and joining should be done 
by lacing, in the old-fashioned way. The belt should 
always be as broad as the pulley will take, otherwise 
slipping, at full load, is certain to cause trouble, 
unless the pulley is made extra long, to allow of the 
belt being run off a " fast and loose " pulley gear. 

Ratio of Belting Surface to Power. — The usual allow- 
ance of breadth of belt per horse-power is one inch 
for high-speed belting moving at the rate of looo feet 
per minute. The rule is safe for belts from three to 
twelve inches in width. For slower speeds a wider 
belt must be used. 

Lacing of Belting. — Lap, switch, or splice joints are 
very objectionable except for large work. For high- 
speed driving upon small pulleys btdt joints have 
proved by far the best for dynamo work. It should 
be noticed that a belt that emits a noisy snap upon 
passing over the dynamo pulley not only causes fluc- 
tuations in the light, but sets the armature, if not the 
whole machine, in vibration. Hence, let the belt be 
cut perfectly square across both ends, and laced with 
^n endless " thong" lace. The inside face s\vOM\4\i^ 
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kept as flat as possible. New belts stretch i 
mously, and give a good deal of trouble in first runs. 
They may, therefore, be put on rather tight. Many 
engineers treat the harder belts with a dressing of 
sweet oil, frequently applied, so as to ensure pliability. 

Brushes. — Each builder has his own particular pat- 
tern of brushes, and it is impossible to say which is 
the best form. But as to material there can be little 
doubt that hard-drawn or rolled copper, or phosphor 
bronze, gives most satisfaction in work. 

Wire brushes appear to be going out of fashion. 
Comb-like brushes, made up from several layers of the 
metal, are coming generally into use. The pattern of 
brush sent out with a dynamo at first is generally 
the best for that particular machine. Two or three 
points may be noted — the brush should be of high 
conductivity ; it should wear well ; it should have a 
certain flexibility and resiliency; and it should be set 
in a brush bracket, i'/j^^ provided with springs. This 
latter condition is of considerable importance — no 
commutator brush for heavy current work should be 
self-sprung. Only a gentle pressure upon the com- 
mutator is required ; but there are two considerations 
that always control the amount of contact pressure, 
(i) In heavy, well-founded dynamos, giving currents 
of low tension, light pressure will be found best, be- 
cause there is less vibration of the machine to cause 
weak contacts of the brush, and because low tension 
currents allow of a lighter touch without sparking ; 
(2) For lightly-set dynamos, or those liable to vibrate, 
especially if giving high potential, stronger set 
springs are required. The snap of a badly-laced belt 
will frequently cause the contact to become weak 
pfiriodically, producing, it may be, a burn/t " spot " 
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Upon one of the commutator bars. If once such a 
"spot" begins it will go on from bad to worse, and 
finally the whole surface will need to be re-tumed. 
Other pen'odii: vibraitio-ns, perhaps due to the dynamo 
itself, or to adjoining machines, may start a spot, If 
the vibrations cannot be eliminated then more pres- 
sure must be applied at the brushes. 

Let the beginner bear in mind that the pressure 
cannot be too light, provided efficient collection, with 
the minimum of sparking, occurs. The commutator 
and brushes are the chief care and anxiety of the 
electrician in charge, in the case of long runs. If he 
can keep them in good order, and his bearings cool, 
he has learnt a practical lesson of much value to him. 
But a burnt spot, if found persistently upon the same 
commutator bar, after re-turning, is generally due to a 
fault in the armature coil coimeded to that bar ; that is, 
the neutral line for the other coils is not the neutral 
line for it ;'the coil is out of its place in the circle, or is 
connected in a faulty way. We mention this in con- 
nection with brushes because it is not always bad 
contact at this point that originates a " bad spot." 

Treatment of the Commutator, — The simplest " Com- 
mutator" is that attached to an alternating current 
machine, consisting as it does of a pair of copper or 
gun-metal rings. These are of course very easily 
managed. There is no liability to sparking, no burn- 
ing, no production of burnt spots. The rings may be 
lubricated when necessary, but only lightly, and pre- 
ferably with vaseline or French chalk. 

A smooth commutator is the chief aim of the 
dynamo attendant. It must present neither grooves 
nor patches, nor parts " out of round." To attain this 
result, when heavy current is passing Siom. 'O&a wis- 
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face at a high speed of rotation, and for many hours 
together, is no easy task. But a great deal depends 
upon the make of the commutator itself. 

Asbestos insulation between the commutator seg- 
ments, which was formerly much used, gives a great 
deal of trouble. It easily, owing to its softness, 
receives into its surface copper dust or carbonised 
oil, and becomes a conductor, short-circuiting the 
bars. Various substances have been used, but ex- 
perience appears to be greatly in favour of im'ca ; 
but of this substance there are different varieties. 
Clean mica, free from foreign substances, and not too 
hard, is found to be the best for commutator insu- 
lation. When impure mica is used, or it is too hard, 
it does not wear away as fast as the copper, and 
ridges result with all their attendant trouble. The 
mica should wear quite as fast as the copper commu- 
tator bars. Some makers of dynamos have aban- 
doned material insulation altogether between the 
bars, and have reverted to air-gaps. One instance of 
this is Siemens' latest dynamos, many of which havo 
large iron commutators, insulated by air grooves. 
But this again will cause trouble if the grooves 
happen to get bridged across, an occurrence very 
likely with a paste of copper dust and charred oil, in 
long runs. In a good mica-insulated commutator 
there is no such trouble. We have never known mica 
to absorb any kind of conducting substance. 

Commutators should be rim without lubrication, but it 
is not easy to attain this. Attrition of the surface 
will speedily occur if there is the least roughness at 
first. To run a commutator dry it is necessary to 
have its surface even, round, and perfectly smooth — 
nay, burnished. A rough surface is generally due lo 
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rough brushes. If the brush surfaces are burnished 
and bear upon a smooth commutator, it will bo 
possible to run dry ; but in first commencing work it 
is usual to slightly touch the revolving surface with 
oil, or, preferably, vaseline, A " touch pad " made 
by covering a flat piece of wood with several layers 
of cloth and sattu-ated with vaseline, is very use- 
ful. This is not applied to the commutator. It is 
better to press the finger upon it, and transfer the 
layer of lubricant thus obtained to the commutator. 
More than a mere surface covering must be avoided. 
A new commutator, after a few hours' run, will under 
this treatment acquire a hard, brown, glossy siuface 
which it is very desirable to attain. 

Roughness is generally treated by dressing with 
emery cloth. This should not be done, if it can be 
avoided, while the dynamo is in work. The brushes 
should be raised, and the No. O emery cloth wrapped 
around a block of wood. If these precautions are not 
taken, the emery powder will become embedded in 
the brushes, and continue to cut the surface for days 
thereafter. Indeed, emery, although a quick-cutting 
substance, should never be brought near a dynamo for 
this purpose. Many engineers prefer to use fine sand- 
paper or a leather pad with grindstone dust glued 
thereon. 

For spots or grooves there is no eifective remedy 
tut turning in the lathe. Files are very often used, 
but it is quite impossible to thereby produce a true 
cylinder. 

Large dynamos are now very frequently furnished 
with an accessory in the form of a miniature lathe, 
by means of which the commutator can be "trued" 
without removal from the machine. It is 
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that in future all large machines will ba thus wisely 
equipped, 

A very useful device has been suggested for this 
purpose by Mr. R. Tatham, who proposes to furnish 
the brush brackets with a slow to and fro motion in 
line with the axis of the dynamo, and to attach to 
the bracket a trueing tool or emery wheel for occa- 
sional correction. But although the reciprocating 
motion of the brushes themselves, as proposed, would 
no doubt be an advantage in itself, the gear for that 
purpose, consisting ofaworm-wheel and tangent worm 
shaft, would be likely to introduce faults of contact or 
insulation in practical use. Whatever turning device 
is employed for turning in position it will be found 
necessary to run the armature at a slow speed. In 
the larger stations little machines are used both for 
this purpose and for trimming off the ends of brushes, 
especially that form in which contact is made by a 
bundle of wires or slips, 

In the case of dynamos in which regulation is 
effected by rocking the brushes to and from the 
neutral line, the commutators are apt to give much 
greater trouble. There is usually more sparking, 
which cannot be avoided. It would appear that the 
Thomson -Houston dynamo does not suffer much 
from this cause, although, owing to the high tension 
employed upon the arc machines and the nature of the 
three-coi armature, there is a good deal of sparking. 
But the air-blast used in this instance both serves to 
keep the commutator cool and clean and to extinguish 
the sparks. 

New Commutator. — Many of the best dynamos are 
accompanied as an accessory with a spare commu- 
tator, which can be fitted in place of the old by 
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observing particularly the method and order of con- 
necting it to the armature wires. In removing the 
old wires, which are generally screwed to the bars, 
a " tally " or numbered tag should be tied to each 
wire, indicating exactly its position in respect to 
the bars of the commutator. The work of re-con- 
necting is simple in cases where the wires are joined 
direct to the bars, and are not carried either to the 
rear or in advance of their positions upon the arma- 
ture; but in many dynamos, e.g., the Edison-Hopkin- 
son type, the wires are taken 8g degrees to the rear, 
and there attached to the commutator. This method 
is adopted to allow of the nadral points — collecting 
lines — being placed in convenient positions for obser- 
vation and adjustment of the brushes. Thus, instead 
of the points of collection being upon a vertical line, 
which would place the lower brush directly under the 
commutator, the line is nearly horizontal, and both 
brushes can be equally well observed. 

The same method is adopted in some of the Sie- 
mens' dynamos, but in many of the best machines, 
where there is any likelihood of confusion in connect- 
ing, either the wire extremities are furnished with a 
stamped (numbered) plate for connection, or a diagram 
of the positions is obtainable. 

Soldered connections are the most troublesome. The 
unsoldering is a tedious process. We may suppose the 
armature to be removed from the frame and placed 
upon supports at a convenient height. After clearing 
off the dust, &c., each joint should be touched with a 
drop of the zinc chloride solution used for soldering, 
and a pretty hot soldering bit applied to the spot. As 
soon as the solder runs the wire is lifted up, and the 
old solder wiped off its end. The work ma.^ te ^(mia 
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with a mouth blowpipe. For this purpose a gas jeA 
attached to a rubber tube without a burner will be 
found a convenient source of heat. The blowpipe 
flame can be directed accurately upon the joint and the 
work done very quickly. In resoldering the commu- 
tator must first be securely keyed upon the shaft and 
the bars at the connecting points scraped clean, liach 
point should then be touched with soldering fluid 
(Baker's is esteemed the best) and thoroughly 
" tinned " with the copper bit. It must be observed 
by those not acquainted with the use of a copper bit 
that the point must be freshly filed, and, while yet 
bright, the solder — previously moistened with fluid — 
applied. The bit itself must be thoroughly tinned, 
and after re-heating the point should be wiped clean. 
In resoldering the wire ends the wire is placed, with- 
out tendency to spring, upon the tinned commutator 
plate. A touch of the fluid is applied (be sparing in 
the use of this) and a drop of solder taken up by the 
bit applied to the joint. It should immediately run 
freely and make a clean, perfect joint. It is well to 
run on a little more of the solder by way of a 
strengthened No difficulty need be experienced if 
the surfaces are clean, the copper bit well tinned, and 
hot enough to cause the tin to run freely. Joints made 
with resin as a flux are doubtless to be generally pre- 
ferred, but the use of resin is not so easily acquired, 
and an imperfect joint is more likely to result in 
inexperienced hands. There is no objection to the 
use of Baker's fluid if sparingly used and each joint 
afterwards wiped clean. It may be pointed out that 
the careless use of common soldering fluid is very apt 
to leave joints that will become rotten, or waste away 
by electrolysis under the influence of the current. 
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In the case of screwed connections to the armature 
plates too much attention cannot be given to the pre- 
paratory cleaning of the points of contact, and to 
ascertain that each screw is tight enough in its hole 
to ensure its holding. If the screw feels loose in its 
hole while screwing up, it will soon work slack, and 
cause an arc to form, burning the contact. For this 
reason some of the later machines have both screwed 
and soldered connections, and in some cases silver 
solder, applied with borax as a flux and the blowpipe, 
is employed. 

Connections of the Dynamo. — In erecting new 
dynamos the connecting of the field coils to the 
circuit of the armature, or otherwise, is sometimes 
a difficult point. It will first be necessary to ascer- 
tain exactly what type of machine the dynamo is 
represented to belong to. If a series-wound dynamo, 
a separately excited, or a shunt machine, the connec- 
tion can be ascertained by reference to Figs, i, 2, 3, 
p. 3. But certain symbols are generally used to 
distinguish the extremities of the wires and the 
terminals. Thus, + and — , positive and negative, 
are widely used to indicate the "feeding" and "re- 
ceiving " ends of a coil, or terminals. White (or 
bright) terminals are also used for -|-, or positive, and 
black terminals (representing earth) for — , or nega- 
tive. The terminals are frequently spoken of as live 
or leading for positive, and return or earth for nega- 
tive. In connecting up a dynamo two positives are 
never connected together, nor two negatives. 

After ascertaining the particular nature of the ma- 
chine, its connections, if not numbered, will depend 
upon the direction of rotation. If the field magnet be 
connected up in a series machine so that the coxiexft. 
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flows in the magnet so as to increase its residual 
magnetism it will be correct. Every dynamo magnet 
has a certain residual magnetism when the machine 
is at rest, and it may be desirable to ascertain which 
pole is N. and which S. This can readily be deter- 
mined by means of a compass needle or a small mag- 
net, for the N. pole of the dynamo will not attract the 
N. pole of the magnet, but it will strongly attract the 
S. pole, and vice versa. The course of the current in 
that magnet will then be easily found according to the 
following rule : — 

If a spiral of wire be taken, and a piece of iron 
inserted therein, and a current caused to flow in that 
wire in the direction of the hands of a watch, when 
the spiral is looked at end on, the pole of that iron 
nearest you is the S. pole. 

Or, more simple still. If you look at a right-handed 
screw, the thread representing the current, the end 
viewed is the S. pole. This pole is, as applied to 
compasses and galvanometers, frequently called the 
"blue pole," from the custom of makers to leave the 
south-seeking pole blue and to brighten up the north- fl 
seeking pole. 

In a separately excited machine the direction of the 
current in the field magnet should be particularly 
ascertained, otherwise the machine will yield — (nega- 
tive) at its + (positive) terminal, and give rise to all 
kinds of trouble in the work of wiring for lamps. 

If a mistake has been made, it may be rectified by 
strongly magnetising the field magnet by the passage 
of a current either from another dynamo or a battery 
of accumulators. This will have the effect of break- 
ing down the residual magnetism and reversing its 
polarity. 
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MECHANICAL TEST. 

■When the dynamo is first started the current should | 
be tested for direction by the use of a compass. Place 
a compass upon the ground ; run a wire from the 
+ pole of the dynamo over the compass and back 
(through a suitable resistance) to the — pole ; if, 
while you stand with your back to the dynamo, the 
N. pole of the compass turns to your left hand, the 
current is flowing from the dynamo towards you, and 
is correct in respect to the positive terminal. 

In a shunt, series, or compound machine, not much 
harm can result from starting it when wrongly con- 
nected with respect to the field magnet — it will refuse 
to excite, and will give no current. 

When there is a resistance in the exterior portion 
of the circuit, and the dynamo refuses to excite, the 
fault is usually due to wrong connections. But a 
series dynamo will not excite readily at a law speed. 

An ordinary compound [series and shunt) dynamo 
is connected correctly when the ends of the shunt 
(fine wire) coil are joined to the brushes, and the 
series [thick wire) coil Joined, one end to the — (nega- 
tive) brush, and the other to the — (negative) terminal. 
The current in both coils must of course flow in one 
direction around the magnet. 

Run for Mechanical Test. — A run of several hours' 
duration should be made with a new dynamo to test 
the bearings, lubrication, stretch belts, &c. Hot 
bearings may gradually cool down if new after a few 
hours further running, but if there is any question of 
the armature shaft being out of alignment the heat will 
increase. The surface of the armature must be quite 
clear of the magnet, and in line with its bore. 

All kinds of suggestions and substances have been 
recommended at difl'erent times as a cure fot ba^ , 
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bearing's, but, provided the journals be lubricated, the 
fault itself must be got rid of. The chief causes of 
heating are doubtless, (i) belting too tight ; (2) bear- 
ing too short for the work; (3} badly fitted, out of 
round, binding, or out of alignment. The lubrication 
should be of heavy oil or other lubricator of good 
quality. In long runs with heavy dynamos the bear- 
ings sometimes become so heated as to need the 
application of the hose — in cases where the load of 
the dynamo cannot be switched on to another 
machine and the current must be maintained. Hot 
bearings are of course made hotter by the current in^^ 
the wires of the armature. . H 

In the use of needle lubricators the needles fre- i 
quently stick in their tubes, owing to foreign sub- 
stances in the oil. The needles should be tested for 
free play before starting a long run. A hot bearing, 
perhaps to the extent of slight "seizing" or attrition, 
is generally brought about by neglecting this precau- 
tion. The semi-solid lubricants, fed from suitable 
spring lubricators, and which flow gently when warm, 
are being much used for dynamos. The chief fault to 
guard against is failure of the lubrication while the 
dynamo is left by itself for long periods of time. J 

Notes for Dynamo Attendants, ^H 

The attendant should understand his machine. One 
attendant can manage several dynamos if they do not 
call for much regulation. In isolated stations, where 
the demand for electricity is constant or nearly so, 
compound machines will be found to regulate them- 
selves, and the exciting current once determined and 
applied, need not be varied. 
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V But in central or " public" stations the call for cur- J 
^*Tent varies enormously. Taking a representative in- ^M 
candescent lighting station as an example, the dia- ^M 
gram (Fig. 9) shows, beginning at noon and till 3 p.ji. ^M 
very little demand for current. Between 3 and 4 ^| 
o'clock the demand rises rapidly from 10 to 150 units ; ■ 
by 5 o'clock it has risen to 350 units; at 6 o'clock to ■ 
500 units ; and at 7 reaches a maximum of 600 units. 1 
It then gradually drops, until, at 2 A.M., there is 1 
practically no demand. H 
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therefore offered here, in the hope that they may- 
prove useful not to trained electricians, who are 
supposed to be well versed in all the best methods 
of meeting a varying demand, but to members of 
that large class who are at present serving, as it 
were, a kind of apprenticeship to the business of 
electric lighting. 

Heat and Attrition. — The dynamo attendant's bug- 
bear is doubtless heat. Under a high speed the 
bearings are apt to get hot, and under a heavy load 
of lamps the armature and field magnets frequently 
get so heated that they cannot well be touched by 
the hand. There is therefore under these conditions a 
constant danger, or supposed danger, of "liring" the 
bearings or journals and burning the insulation ot 
the wire coils. 

Attrition, or cutting friction of the commutator, ts 
another cause of trouble in long runs, but is more 
easily overcome than the overheating. 

Bearings can be kept cool if at first well-fitted, if not 
too short, if not binding in the " neck," and if lubri- 
cated freely with a good oil or other lubricant. 

Dry cutting of the coimnutator is due to rough 
treatment, rough brush surfaces, or grit, or emery, or 
to too muck pressure of the springs. The larger 
dynamos are fitted with several brushes upon each arm 
of the rocker, and a brush that is cutting should be at 
once taken out. The pair should be taken out even 
while the dynamo is running at full load. Their 
roughened ends should be cut off and smoothed, then, 
if possible, burnished, using a brass finisher's steel 
burnisher for the purpose. This will impart a glass- 
like surface to the copper. The commutator should 
then be wiped clean with a pad of wash-leather, and 



OVERIIKA.TED ARMATURE. 



29 1 



I its rough surface smoothed, either with fine sand- 
paper or with emery cloth. But the use of the latter 

is not recommended. The smooth surfaces may then 
be lightly covered with the merest film of vaseline or 
oil, and the brushes replaced, A gentle pressure 
should be applied at first. When it is not possible to 
remove the brushes thus by instalments dry cutting 
should be at once stopped, as far as practicable. For 
this purpose, clean off the surface and apply either a 
flat pad covered with fine glass-paper, or, if that is 
not at hand, a chip of emery cloth. No. O. When as 
smooth as possible clean off and touch with vaseline. 
When the dynamo is stopped examine the pressure 
of the brush springs ; it will generally be found that 
the attrition was due to this cause, in excess. The 
brushes should be removed and trimmed and bur- 
nished at the first opportunity. Avoid lubrication of 
commutator, if you can do so. Too much oil or 
vaseline will cause long, circular sparks to leap from 
segment to segment, greatly weakening the current. 

Heated Armahire and Field Coils. — When a ivell- 
designed dytmmo heah too much it is overloaded. Lamp 
after lamp has been switched in until the current has 
become too much for the wires. It would be better to 
see the belt slipping than the coils becoming over- 
heated. But, in respect to overheating, it is not 
always synonymous with overloading. In many of 
the earlier dynamos this excess heat is due to " eddy 
currents" setup in the iron of the armature, owing to 
its imperfect subdivision, A very instructive in- 
stance of the enormous advantage of subdivision 
may be referred to. The Brush dynamo, with "solid " 
I armatures, as first introduced, and in use in this 
I country until very recently, will, taking one s^t\&Ci 
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size, the i6-]ighter, when fitted with the 

nated armature, give z$ lights in each case without 

overheating. 

In a central station tlie only way to effectively 
reduce the heat of an overloaded dynamo is to switch 
in another machine, which will take half, or a pro- 
portion, of the load. The heated coils will then 
gradually begin to cool down. In the early days of 
electric lighting a fan was used to keep thedynatno cool- 
It is part of the duty of the electrician in charge, 
more than that of the dynamo attendant, to ascertain 
the full working load of his machines, and to issue 
instructions for a watch to be kept upon the indicators, 
so as to determine when the current is reaching a 
maximum, and it is time to switch on a fresh machine. 
It is scarcely necessary to remind the attendant that 
water cannot be used to cool a heated dynamo. 

Hints and Suggcstioni. — Keep iron and steel tools 
away from the machine ; never file iron near to a 
dynamo. Lubricate with a brass, copper, or zinc oil 
can. Leave your watch at home, if it is an ordinary 
watch. Have a pair of bellows for blowing away all 
dust, especially metallic dust, from armature coils. 
Do not spill oil or water near to or upon a machine, 
Prevent by shields adjacent machinery from throwii 
oil upon the dynamo. 

Tighten all binding screws afresh every day. Test 
nuts and bolts occasionally for tightness. If a binding 
screw is loose, examine it for burned surfaces, and file 
off a fresh surface. Adjust brushes as to pressure 
before starting, and as to attaining the neutral point 
— point of no sparking — after starting. Never lift a 
brush while the current is on^you would make a 
burned patch upon the commutator. 
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PERSONAL PRECAUTIONS. 

Personal Precautions. — Never close a circuit of any 
dynamo, or, indeed, any circuit, through your body. It 
may be done by inadvertence, and not through the 
hands only. Many of the earlier electricians received 
severe shocks by merely touching a wire or terminal 
with one hand. This is generally due to ground leak- 
age, and a pair of rubber overshoes would prevent it. 
But, as a general rule, never touch a wire or terminal, 
either with one or both hands, or with any metallic 
article, while current is on. If terminals need atten- 
tion, an insulated key or spanner must be used, or put 
on a pair of thick rubber gloves. 

All spanners, plyers, and adjusting tools in general, 
used in a dynamo room, or switch room, should have 
insulated handles of ebonite, or other good insulator. 

Shocks of enormous tension — probably over looo 
volts — have been freely taken by many boasting 
persons, but it may be pointed out that the deadly 
nature of the electricity is not its tension merely, but 
the quantity or current passing, combined with high 
tension. A discharge of many thousand volts can 
easily be taken upon the knuckles of the hand, 
without injury, from a Leyden jar, but the same 
tension in a cable carrying a current of looo amperes 
would not only burn the hand but be pretty certain to 
kill the adventurous experimenter. 

Attention to Automatic Governors. — The general im- 
pression among electricians has hitherto been that 
an automatic governor for public incandescent lighting 
is not reliable, and that hand governors only are to be 
depended upon, but this impression is wearing away. 
It is necessary, however, for the attendant to keep an 
eye upon both current and governor, no matter of 
rhat design, during the whole period oi the tua. 
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CHAPTER II. 

LOCALISING DYNAMO FAULTS, AND OBSER- J 

VATIONS RESPECTING ACCUMULATORS. 

A DYNAMO may sometimes unaccountably refuse to 
excite and to start. If separately excited it may 
refuse to give any current. This is the greatest of all 
faults, but it may be due to a serious defect, or simply 
to a very small fault, easily remedied. 

But by far the most frequent complaint is due to 
partial failure of current ; to fluctuations, usually 
sudden, in the current strength, and to occasional 
unaccountable extinctions of the lights. Pumping, or 
pulsating of the lights is another fault sometimes met 
with. In arc lighting extinctions and rapid self- 
re-lighting sometimes occur. 

Broadly speaking, faults, save strictly mechanical 
defects, easily traced by the engineer, are usually due 
to defective insulation or defective conduction in the 
dynamo or its accessories. 

A coil in the armature may be burnt, e.g., the in- 
sulation charred ; the commutator may not have all 
its sections insulated; there may be conduction, or 
leakage, between some part of the armature circuit 
with the iron body of the machine, or the field magnet> 
coils may be similarly leaking. Possibly a small arc 
has been established at some point by a failure of the 
insulation, and this may become active or inactive, 
according to the current or E, M. F. of the machine. 



^^ TESTS FOR LEAKAGE AT DYNAMO. 

The periodic faulfs are by far the most troublesome to 
detect, especially those that do not occur at half load, 
but appear at or near full load. Others again occut; 
at a given speed, and are not to be traced when the 
armature is moving at any other speed. 

The only effective means of localising faults is a 
system — a comprehensive system — of tests, which will 
broadly include all faults that have hitherto been 
observed. Many faults that appear to be electrical 
are really due to bad engineering. 

Tests for Leakage to Ironwork of Machine. — The 
first and most important condition of the insulation is 
its completeness with respect to the iron body of the 
armature or field magnets. For practical purposes 
the body of the dynamo, e.g., the field magnet framing 
and base, may be considered one conductor, complete 
as to conductivity. The ironwork of the armature is 
also generally in one with the ironwork of the frame, 
but it is a great advantage to have the iron core work 
of the armature insulated from the shaft, and there- 
fore completely isolated. Hence, if a leakage occurs 
from an armature coil, it cannot get further than the 
core. In making a test of short circuit to the iron- 
work, therefore, it is not always correct to assume 
that the armature core is one with it. 

The whole dynamo is usually insulated from the 
earth. If the ironwork be in contact with earth, any 
leakage from either armature or field coil will cause 
an earth fault. 

In dynamo work ironwork fault and earth fault are 
usually synonymous, and may be considered together. 

The testing instrument is usually a simple gal- 
vanometer. The source of current is often the dy- 
namo itself, this test being taken while it is run- 
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ning. If the dynamo be standing, a few accumu- J 
lator cells are the most suitable. But it is prac- 
ticable to make fair tests with any of the portable or 
" dry " batteries now so common. For heavy dynamo 
work a potential of about ten volts is, however, very 
generally used. The instruments — galvanometer, &c. I 
— -are generally kept at a suitable distance from the J 
dynamo, especially if it be running. 

Connect one screw of the galvanometer to earth by 
a wire to a gas or water pipe, or other convenient 
*' ground " ; lead another wire to the dynamo, and, if 
it be running, giving current, any leakage of that 
current to the ironwork, and from the latter to earth, 
can be ascertained by contact of the wire with the 
frame of the machine. A deflection of the galvano- 
meter would thus show a double fault — leakage of coil 
to iron, thence to earth. If the dynamo be standing 
idle, connect the testing battery in circuit with the 
galvanometer. If no deflection is obtained, and 
whether the dynamo is running or idle, connect 
battery and galvanometer to earth as before, and 
make contact with the wire to the ironwork of the 
machine. A deflection of the galvanometer will 
indicate that the ironwork is leaking to earth. 

If the dynamo is standing, touch the commutator 
with the wire — a deflection of the needle will indicate 
that the wire coils are leaking to ironwork. If the 
machine be a separately excited dynamo, test the 
terminals of the field magnet also. 

If the ironwork be found insulated, a leakage from 
coils to ironwork can be detected by connecting the 
galvanometer and battery to the frame, as to earth, 
and testing by coil contact as before. 

A test should be taken by connecting to iron core I 
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of armature, if it be easily accessible, as to earth, and 
making contact to the commutator segments. Con- 
tact to each of those should be made in succession. 

It may be pointed out that if the dynamo be run- 
ning while making tests, it may only be practicable 
to ascertain earth insulation, and a false conclusion 
may be drawn from them owing to a fault to earth in 
some part of the circuit of the lamps, removed from 
the machine. A fault of this latter kind would cause 
all lamps ieyoiid the leak to burn dimly. 

Ttsfs for Internal Broken Conductors. — The con- 
tinuity of the field magnet circuit is easily ascer- 
tained. Make a circuit of galvanometer, battery, and 
field terminals — no deflection will indicate a rupture of 
the wire, at some point — machine idle. Localising 
broken armature wire is also comparatively simple. 
When the coil extremities can be traced, or are 
known, make a circuit between the commutator bars 
attached to those extremities (remove brushes mean- 
while) ; no deflection will indicate a break. This 
break is very frequently just at, or near the point of 
junction with the commutator. 

When the armature winding is not known, and it is 
impossible to determine the extremities of the coils, 
the test for a break is not so simple. As a rule the 
ends of the coils are in connection with diametrically 
opposite segments. In this case it may only be ne- 
cessary to make a circuit by touching these segments 
with the two wires, from galvanometer and battery. 
If a -weak deflection is obtained, it may be due to one 
of two causes, either the insulation material between 
the segments has become conductive, by impressed 
copper dust or charred oil — a liability very common 
in cases of asbestos insulation — or theie is a. 'j^xNiv^ 
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break or broken wire in partial contact within the 
coil. 

When the fault cannot be located by either of these 
methods the armature wires should be disconnected 
entirely from the commutator and each other. In 
doing this numbers should be attached to ends and 
segments, indicating the connections in re-attaching. 
The extremities of a coil can then be found by 
touching with the test wires. If there is a pair from 
which no deflection can be obtained, the assumption 
is that the fault is in that coil. 

A diagram of the armature winding as applied to 
the particular make of dynamo used should be kept 
by the attendant, and referred to when any question 
of a fault arises. This will indicate where to apply 
the test wires, and may save many disconnections and 
experiments- 
Intermittent contacts between broken junctions are 
very troublesome. They will generally give a de- 
flection upon being tested, and cannot easily be 
located, unless they occur at the point of contact with 
an armature segment. In the case of a small arma- 
ture an intermittent contact was found in one case by 
testing each coil, and while the needle of the gal- 
vanometer remained deflected setting the armature 
in' vibration by striking the end of the shaft with a 
copper hammer ^to obviate mechanical injury). When 
the faulty coil came under the test the needle oscil- 
lated, showing intermittent contact between {as was 
found) two ends of a wire bent to a sharp angle near 
to the end of the armature coil. 

Burnt-out Coils, — When an armature coil makes, 
by fault, a short circuit within itself, e.g., does not 
deliver its current to the lamps, its current will become 
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^M abnormally strong ; it will become heated, and finally 
^r the insulation will be burnt off. This occurrence is 

generally amply indicated, unless it be very gradual, by ^M 
smoke arising from the armature anda smell of burning ^| 

t varnish and coUon. ^H 

' But unless in central stations, where the dynamo ^| 
is constantly watched, a coil generally burns out ^| 
without being observed, and the attendant is ap- ^| 
prised of it by a dimming of the light or by ^| 
Buctuations. ^| 

Short circuits are, however, when a dynamo is ■ 
looked after, generally detected before burning out 
occurs. They are not easy to locate, especially in 
armatures of low resistance. The best way to deter- 
mine whether a short circuit exists is to measure the 
resistance oi each coil in succession ; the faulty coil 
will then upset the balance of the test by its lower 
resistance. Measurement or balancing with the 
Wheatstone bridge, in order to detect faults in elec- 
I trie lighting- stations or circuits, receives some little 
^•attention in the succeeding chapter, where also will 
^Me found some account of the instruments used for 
^Brdinary tests. 

"' All the ordinary faults that occur in dynamos can 
bedetected and localised by means of comparatively 
rough and ready methods, some examples of which 
hsre been g"iven. 

Muck sparging at the commutator is generaUy a sign 
ofoverloadioK, or a short circuit in the armature 

When a dvnamo shows much sparking, and ^egm 

<^ZLtlly, there is usually a short circuit m the 

. ka^ SS the lamps, and this should be seen to at 

I Zl^ ■ \> the building may be set on fire- 

m^'^fa^to!^^^ Tit fj Leakage to Bartk-^ 
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In i:entral station work, where large currents are 
evolved, the following rough test for detecting leak- 
age or ground fault is very common. Two lamps 
are connected in series across the terminals of the 
dynamo. If it be a potential of mo volts, two loo- 
volt lamps are used. The connecting wire between 
the lamps is put to earth. If there is any leakage it 
will be shown by the lamp connected to the terminal 
upon whose line the leakage exists becoming brighter 
each time the earth contact is made. This not 
only serves to indicate the lead from which the 
leak is to be found, but roughly, by the brightness of 
the lamps, its extent. Such a leakage is called a 
ground fault, or shortly, a groimd. This is a very 
convenient test, not only in respect to earth leakage, 
but for leakage to adjacent metallic bodies. 

Short Circuit or Fault in a Magnet Coil. — If the coil 
upon one of the magnet limbs should have a partial 
short circuit, so that the excitation at one pole is 
greater than at the other, the defect can generally 
be observed by larger sparks being given at one brush 
than at the other. 

Failure of Dynamo to Excite. — A shunt-wound dy- 
namo will not start or excite upon low resistance. If 
the binding screws be connected by a short, thick wire, 
the dynamo will not give a current at all. Similarly, 
if a hne of arc lamps be inserted in the circuit, with 
their carbons touching, the dynamo will generally 
reftise to " build up " or fully excite itself to light any 
of the lamps. For this purpose a resistance coil is 
frequently inserted in the lamp, which, when the 
dynamo has fully excited itself is automatically cut 
out. 

Failure to act or excite may be due to the residual J 
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magnetism being too weak. If a series dynamo will 
not excite when the terminals are connected with a 
short piece of wire, and the residual magnetism is 
strong enough, the fault will generally be found in the 
neighbourhood of the commutator. The brush contact 
may be bad. The brushes may be partially or wholly 
short-circuited. The binding screws may be loose, or 
may be oxidised so as to impede the generation of a 
current. If the commutator be of the earlier pattern, 
insulated between its segments with asbestos, it may 
prove that, pressed hard into the surface of the 
asbestos, will be discovered a layer of copper dust, or 
charred (carbonised conductive) oil. Such a cause of 
short-circuiting of the commutator was once very 
common, and even now occurs occasionally. In a 
case of doubt it may be as well to cut out a portion of 
the asbestos between each pair of segments, so as to 
expose a clear line of the substance, free from foreign 
particles. 

The leading causes of failure to act in a dynamo are 
thus short-circuiting or bad contacts. 

Repairs to the Armature. 

The armature being the moving portion ot the 
machine is more likely to meet with damage than the 
field magnets or other parts. 

Loose Binding. — Taking the case of a drum arma- 
ture. The wires are generally protected from the 
effects of centrifugal force, and from being thrown 
into contact with the ironwork in the bore of the 
magnet, by binding pieces of steel or brass. This 
binding is very generally secured by means of tin 
solder. The tin solder holds very well for a time, but 
continuous heatings and coolings gradually weaken it 
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and the binding is apt to come off or lose its effect 
upon the coils. From this cause, and others, the 
armature wire may come into contact with tiie magnet 
■when moving at a high rate of speed, and so cause 
short-circuiting or weakening of the current. 

There are numerous other causes of faults in the 
outer envelope of the armature, such as substances 
falling between it and the magnet, mechanical injuries 
by careless handling, and so on. In most cases such 
external faults can be easily rectified. If a wire is 
laid bare let it be lifted by means of a bone chisel, 
and, after being treated with a coating of shellac 
varnish, wound closely around with silk tape, covered 
by another coating of varnish. After repair the wire 
must be pressed quite into its original position and 
varnished a third time to give it adhesion to the 
adjacent wires. If the binding wire be loose it must 
be taken off and replaced by fresh, taking particular 
care in re-soldering that no drop of the molten metal 
be allowed to fall between the wires. 

A broken ■wire which is usually too short to re- 
connect by making a joint is most effectively treated 
as follows : Strip both ends at the break and clean by 
scraping. Tin them lightly with the copper bit. Cut 
an inch of brass or copper tubing large enough to 
slip tightly over the ends, moisten the interior of the 
tube with soldering ffuid, place the two ends therein, 
and with a drop of solder upon the soldering bit, fuse 
aU together. Clean off and cover carefully with silk 
tape and varnish. 

Repairs of a more extensive natrure, such as i 
winding, or placing a fresh coil upon a drum a 
ture, are generally intrusted to the dynamo buildei 
For re-winding it is always best to send the armatuj 
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to the actual maker of the machine. Repairs to disci 
armatures, and all such as have bobbins and coils f 
easily removed from their cores or pockets, are more I 
easily carried out. In such cases fresh coils can I 
generally be kept on hand and slipped on when I 
required. In re-winding a coil upon a " ring " arma- 
ture, the wire is generally carried in a shuttle, and 
threaded out and in so as to encircle the ring the 
requisite number of times. The number of turns rxia.Ae 
by the original coil should be accurately observed, and 
the same gauge of wire used. Each turn must be 
drawn tight, and proper insulation applied, with \ 
plenty of varnish throughout. 

A neat -wire splice can be made in a coil by scarfing ) 
— or splicing — each end, and filing it rather smaller 
than the body of the wire ; tin the faces of the splice, 
and solder closely together ; file off clean, making the 
joint rather smaller in the middle than at the ends of 
the splice; bind it round tightly with a single layer 
of fine brass wire ; tin the whole, and clean off. 
Insulate as before. 

Binding an armature, or re-winding a " reel " coil, 
should be done by placing the armature or coil 
between the centres of a lathe. In the re-winding of 
the Edison type of field magnet, and in several other 
patterns, the lathe is the most suitable means of rota- 
ting the part to be coiled. 

Wet Dy7iamo dried by Steam. — ^In a recent case, 
when, by a flood, several dynamos were submerged, 
they were afterwards completely restored to activity 
by being dried by steam. The dynamos were covered 
with tarpaulins, and the steam, at high pressure, 
applied beneath. After several hours of this treat- . 
ment, it is said the machines were hot and dry | 



enough to very shortly restore the insulation, and did 
not suffer in any way by their bath. 

Hints to Accumulator Attendants. 

The dynamo attendant is generally, in small in- 
stallations, required to take charge of a battery of 
accumulators. Indeed, in most isolated or private 
instances of the introduction of the electric light, the 
dynamo is only run throughout the day, the accumu- 
lators serving to maintain the supply during the hours 
of lighting. Hence, most dynamo attendants are re- 
quired or expected to know how to start and manage 
these secondary batteries. The following hints and 
suggestions, derived from practical experience, may 
be of service to the reader ; — 

The best position for accumulators is in front of a 
large window, where plenty of light can pass through 
the cells, and where the attendant can pass com- 
pletely around them. These facilities for examination 
are soon found to be of the greatest service. The cells 
should be of glass, say of the E. P. S. type, than 
which there is no better cell. They should be raised 
to a convenient height from the floor upon a dry 
wood bench; if possible, covered with several coats of 
a good varnish, especially thf^, top. 

Insulating the Accumulator is generally effected by 
placing under the four corners of each cell the little 
porcelain cups, filled with resin oil, generally sold 
with secondary batteries. To preserve the insulation, 
no liquid should be spilt about the bench, everything 
should be kept clean and dry. When accumulators 
are put away in dark, dirty basements and cellars, 
they cannot be expected to work well. If possible, 
each cell should be raised above the bench upon a slab' 
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F thick (pavement) glass, supported at its ends, so 
1 to allow the light to enter below and facilitate 
(i insulation. 

Starting and Charging an Accumulator. — For 50- 
' volt incandescent lamps not less than 26 cells 
will be required, arranged in series. This will give 
an electromotive force of over 50 volts, allowing a 
margin for loss in leads. Twenty-six cells will be re- 
quired for one or more lamps, and 50 cells in series 
will be required for the ordinary lOo-volt lamps. For 
large numbers of lamps more than one battery of 
cells, connected in parallel, will be required to 
generate the amount of current called for.* 

When a battery is first set up, and the interiors of 
the cells quite freed from straw and dust by means of a 
hand-bellows, it should be connected. 

The hroivn plates are the positives. The grey plates 
are the negatives; the grey plates are the smaller. In 
placing them in the cells they should be carefully 
handled. The plates are put in, of course, alternately 
— positive, negative, positive, negative, and so on. 
The negatives should project equally upon each side 
so that the positives may be firmly held by the rubber 
plugs. If the plates have been put in correctly there 
will be a disconnected positive lug at one end and a 
disconnected negative lug at the other — of each cell. 
The cells are connected together, positive to nega- 
tive, throughout, leaving two opposite lugs, one at 
either end of the battery. If two batteries have to be 
used the two positives and the two negatives are to 
[ be connected together, making two batteries of an 
I equal number of cells working in parallel. 
I The positive (or brown plate) terminal — generally 
I painted 7'ed — is intended to be connected to the poa^V 
I ■ See also "Keaerve Cells, p, j\. V 
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tive pole of the dynamo ; the negative (or grey plate) 
terminal — generally painted Hack — to the negative 
pole of the dynamo. 

It is assumed that the attendant understands that 
the accumulator or storage battery is only of use as a 
reservoir, or magazine, for storing up the work of the 
dynamo for use while the dynamo is not running, and 
that it must be charged and discharged alternately. 

CAfl?'//'«^.— Before charging the accumulators, if it 
be in a new station and the capabilities of the 
dynamo and engine have not been tested, it will be 
necessary to ascertain both. The attendant should be 
very sure, by means of a preliminary run of at least a 
day, that the machinery is to be depended upon 
before attempting to charge the accumulator. It 
must not be charged partially and then left for a time. 
Such a course leads to the rapid destruction of the 
plates by an action known as sulphating. For the 
E. P. S. accumulators a run of 36 hours is generally 
considered requisite, without cessation, upon first 
charging. 

Before connecting the dynamo to the accumulator 
it may be advisable to test the direction of the current 
according to the rule given at p. 25. 

Do not place the acid in the cells until the last 
moment before connecting to the dynamo. 

The solution is made up by pouring a good quality 
sulphuric acid into pure water until a specific gravity 
of 1-170 is shown by the Twaddle hydrometer after 
proper admixture. The solution should stand to cool 
before being placed in the cells. Each cell is filled 
until the plates are covered to the extent of half an 
inch. Each contact should be examined and tightened 
up before starting. 
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The d3Tiamo should either be shunt-wound or 
separately excited. It must give an E. M. F. of 2-5 
volts per cell — say at least 60 volts for a 26-celI 
accumulator. The first run should not on any account 
be for less than 12 hours. An automatic cut-out 
must be used to obviate a back rush of current 
from the battery if the djmamo should, by any reason, 
cease working. 

The charging must commence immediately after 
the solution is placed in the cells. If it be delayed, 
stilphating, or the transformation of the lead plates 
into lead sulphate, will set in. The same will occur if 
the first charge be only for a short time. The cells 
should never, and cannot without certain loss, be left 
only partially charged and idle, 

If it be possible, let the dynamo work upon the bat- 
tery until the charging is complete, which is indicated 
by the milky appearance of the solution. A great 
deal of gas, in bubbles, also is given off by the cells 
before the charging is complete. The bubbles of 
hydrogen are large, rise into the air and burst, wetting 
everything nearwith spray. The oxygen bubbles are 
smaller and less harmful. Plates of glass are very 
useful to place over the cells while approaching full 
charge, but the terminals, or connecting lugs, must be 
wiped free from moisture occasionally. The moisture 
will of course collect more copiously under the glass. 

When the charging is complete the solution will 
not only look white, but the hydrometer will show its 
specific gravity to be at least rigs. This is a sure 
test of a full charge. In this, as in every test affect- 
ing the charge of the battery, the small voltmeter 
described at p. 59, should be used. 

In subsequent charging make sure of the follow- 
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ing: — That the dynamo is running and is excited [its 
field magnet circuit closed) before switching on the 
battery. The battery must never be fully discharged, 
so that a certain current will be generated by it if not 
opposed by the stronger current of the dynamo. See 
that the dynamo is switched off before being stopped. 

When the accumulators are switched on to feed the 
lamps the fall in the store of electricity in its plates 
can be very accurately noted by means of the hydro- 
meter, the specific gravity falling in direct proportion. 
The attendant will soon, from experience, learn to fix 
in his mind the amount of current that has been 
taken out of the accumulator by means of the hydro- 
meter. He will thus be able to determine very nearly 
how many hours he must run his dynamo to again 
fill the cells. The gravity should be taken every time 
before re-charging. 

The rate of discharge is calculated from the number 
of plates in a cell. It is approximately 4 amp&res per 
positive plate of the size designated "L" (E. P. S. 
type). , Thus, a cell containing 15 plates will dis- 
charge at the rate of from 34 to to 30 amperes. The 
accumulator should never be discharged rapidly or 
upon short circuit. It deteriorates very rapidly under 
such treatment, A table of the safe rates of charge 
and discharge generally accompanies an accumulator. 

Neither engine nor dynamo should occupy the same 
room as the accumulator — the acid spray would prove 
injurious to machinery. 

Working Minis. — Agitate the liquid in ihe cells 
occasionally, especially during charging. This will 
prevent the acid from forming in a layer either above 
or below, and attacking the plates. A little very 
dihite ammonia kept in shallow open vessels near th*! 
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FAULTS IN ACCUMULATORS. 

accumulator will obviate the nuisance of the acid 
spray. Do not approach the accumulator with a 
naked light while nearly charged — the hydrogen 
given off is apt to cause an explosion. Keep all 
shelves, supports, insulators, cells, and connections 
dry and clean. Make up for loss by evaporation by 
adding water only. Soft water is better than limey, 
hard water. If a cell in the battery fails to charge 
fully and is yet clear while the others are white, cut it 
out and connect across the gap with a piece of cable, 
properly connected. 

Sulphating may be obviated in a great degree by 
the use of a soda solution, made up as follows : — To a 
quart of strong solution of common washing soda 
add slowly, during agitation, 12 fluid ounces of strong 
sulphuric acid. This should be added to the cells in 
the proportion i part in 25. Sulphating may be 
obviated by keeping the battery as fully charged as 
possible. Do not let it lie for days in a half charged 
condition. If the cells are to be left for some time 
without working they will take no harm if iirst fully 
charged and the insulation, &c., left in good order. 
The attendant must always have at his hand the 
hydrometer, a thermometer, and either the simple 
volt indicator sent out with accumulators, or a 
standard voltmeter. With those three instruments 
he can ascertain beforehand which cell is likely to 
prove faulty. 

A fauUy cell, as before stated, should be at once 
removed. It is of considerable importance to be able 
to detect a weak or failing cell before it has had time 
to destroy itself. It is necessary to maintain all the 
cells in the accumulator as exactly alike as ■pos.^'Mi.e, 
for if there should be a weak cell the sttorv^ OTie.^ Qt\ 
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either side will rapidly run it down and even reverse 
it, charging it the wrong way. By means of the 
voltmeter the condition of the cells can be noted, and 
any considerable fault detected, but the temperature of 
the cells is regarded as a far more reliable test. All the 
cells in a battery heat more or less, both while charg- 
ing and discharging, but a faulty cell will he warmer 
(halt the others. It will usually emit a hissing sound, 
louder than the others. The thermometer should 
therefore be at hand to test temperature, cell by cell, 
daily. A faulty cell should be emptied of its liquid 
by means of a siphon. A yard of rubber piping, 
filled with water, and pinched at either end until 
one of the ends has been placed below the liquid 
of the cell, the other hanging down towards the re- 
ceiving vessel, will be found a ready form of siphon. 
The liquid should be filtered; the plates should be 
washed and examined. If they are bent, straighten 
them, being careful not to damage the plugging, 
Damage to cells is generally due to short-circuiting. 
Plugs of the lead oxide may fall out of their places 
in the plates, and short-circuit one or more of the 
pairs. The importance of placing the glass cells 
so that light can pass through them, for obser- 
vation, cannot be too strongly urged. A plug, if it 
should fall out of its place, may be removed with 
a pair of hard-wood tongs, or may be made to fall 
harmlessly to the bottom by a little pressure. There 
should be enough space between the plates to ensure 
loose plugs falling to the bottom without short- 
circuiting the plates. 

By way of instruments and accessories the attend' 
ant of a large accumulator should be provided \ 
an ammeter, for showing at any time the rate of dij 
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charge and the state of the current generally, A 
bell-alarm, to ring when the rate of discharge is 
above the normal, to be kept in the circuit. " Excess 
indicators " of this kind are now to be obtained com- 
mercially. They generally consist of certain strips 
of metal, so fixed in a stand that, upon the current 
exceeding the safe limit, the heat evolved in the strips 
causes them to bend and make contact with an electric 
bell circuit. The bell is generally put in the circuit 
of one of the accumulators. The distance between 
the contacts being adjustable, any unsafe amount can 
be readily provided for. A cut-out may of course be 
used instead, but there is the disadvantage in this 
that any excess of current, upon acting upon the cut- 
out, will extinguish the lights. 

An automatic switch, for acting upon the circuit 
■while charging, is a valuable accessory. These act 
by closing the circuit when the dynamo is supply- 
ing a current strong enough to charge the cells ; 
but should the current become weak, or other fault 
occur, the switch will open the circuit and so pre- 
vent the accumulator from reversing the dynamo. It 
may be pointed out that this form of cut-out is espe- 
cially recommended for use with a series-wound 
dynamo. 

While both charging and discharging it is gene- 
rally necessary to vary the number of cells in circuit. 
This is effected by the switch-board, which, as supplied 
for accumulator installations, is usually provided with 
switches for "charging," "discharging," "dynamo 
in," " dynamo out of circuit," &c. In many installa- 
tions the accumulator is used in conjunction with the 
.^dynamo, or more commonly a portion of it. Thus, if 

kything happens to the machinery, tke te.=.etNe. c;i^ 




can be switched in, and the absence of the dynamo 1 
not noticed. 

Leads and Contacts to the Accumulator and Dynamo. I 
— A great deal of waste often takes place by the us© i 
of leading cables too small, but more often by bad 
contacts. Let the lead be amply large enough, and 
well insulated. Wlierever there is a connection that 
cannot well be soldered, observe, after screwing down 
the terminal upon the cable and removal, what surface 
of contact eiAAiAs between the two. The "pinch spot" 
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Fig. io.-DcYicB foi SwilchiDg Dynamo id Parallel witb Accumulator. 

will show this. Let the contacts be large, and all 
such screws protected from oxidation. 

S'Jiilcking'tn Dynamos at right instant. — On this 
point a letter from Mr. Melhuish, of Vienna," describes 
an ingenious device of his own for overcoming the 
difficulty of estimating the right time for switching- 
in the dynamo in parallel with the accumulator. He 
says, "Perhaps others as well as myself have experi- 
enced some little difficulty in putting the charging 
dynamo on to the accumulator battery exactly at the 
right time, i.e., just when the E.M.F. of the machine 
is equal to the E.M.F. of the battery; and I 1 

f ^kctrKtat, vol, !0, p. 451. 
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often seen heavy sparking at the commutators and 
the armatures probably strained by the connection 
being made too early or too late. Some of the auto- 
matic appliances made for this purpose get over the 
difSculty to some extent, as they are generally set 
to make the contact when the volts on both sides 
are approximately equal, but such apparatus are 
costly at best. I found using a voltmeter also rot so 
convenient as the very simple plan shown diagrama- 
tically in the accompanying sketch. Fig. lo. The 
lamps, A and B, are first selected as giving the same 
light with the same E.M.F. The lamp A, it will be 
seen, is lighted from the accumulators, and B is con- 
nected with the machine. If now the machine is 
started b will gradually become bright as the speed 
increases, and by watching until the light given by 
the two lamps is equal and then closing the switch, 
the circuit is made without the least sparking at the 
commutator of the dynamo, and without throwing 
any strain whatever upon its armature ; for if a 
double-ended current indicator be placed in the circuit 
it will be seen that it remains at zero with scarcely 
a tremor, even when closing the switch," 

This plan appears preferable to the use of an auto- 
matic instrument, for it is doubtful if it be possible to 
so adjust an automatic switch as to remain in the 
same condition month after month, in daily use. 

Reserve Cells. — As an accumulator is discharged 
there is a fall in the potential, but it is so slight that 
two or three cells, at most, held in reserve suffice to 
restore the full E.M.F. These also are arranged so 
that they may be switched in one by one as required. 
A fall of five volts in a hundred affects the brig-1itness 
pf the lamps. 
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CHAPTER III. 

SWITCH-BOARD AND TESTING WORK. 

Running Series or Shunt Dynamos in Parallel. — A 
good deal of difficulty has been encountered in the 
running of alternating dynamos (or rather in the 
switching in) in parallel, especially in public lighting. 
This has been mostly overcome, however, and it is 
quite commonly done at all large stations. But the 
working of constant current machines has been effected 
in parallel from the first days of electric lighting, pro- 
bably as early as iSSi, and presents few difficulties. 

But if a continuous current dynamo is feeding a 
number of lamps ; and if the load upon it begins to 
be too great, by the switching in of additional lamps, 
it will not be practicable to merely switch on another 
machine, even if running at the same speed. Such a 
course would result in a great electrical strain being 
put upon both machines, in great overheating, in 
burning of the commutators and brushes, in dimming 
or putting out the lights, and, finally, the possible 
reversal of the fresh machine and the running of it as 
a motor, if it happen to be the smaller. 

The new dynamo must first be " built up," as it is 
sometimes termed ; that is, worked upon an artificial 
resistance until it is giving a current and pressure at 
least as great as half the load of lamps; upon the 
Working machine. ' '^ 
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Tliere are other methods of switchinj^ in a new 
dynamo, but not generally practised, and as the pre- 
liminary loading plan is so simple and practicable we 
will confine our remarks to it alone. In the earlier 
days of the electric light a bank of lamps, equal at 
least to half the probable load upon the working 
dynamo, was provided, suitably connected, and in 
view of the attendant. The new dynamo was started 
and worked upon the " bank " until they showed full 
brightness, compared with a lamp fed by the first 
machine. The switch was then at once brought into 
play, and the two dynamos put in parallel upon the 
main leads. Immediately afterwards the artificial 
bank of lamps was switched off the new dynamo. 
Each machine would then take half the load ; the first 
machine would begin to cool down, and the lamps 
would maintain their brightness- 
Artificial resistances in the form of lamps are not 
now so generally used. Such a course is unnecessary, 
where the attendant is provided with ammeters and 
voltmeters. It is more usual to employ either carbon 
cr iron resistance frames. The iron frames are usually 
either in the form of iron wire wound spirally upon 
iron tubes, with asbestos separating insulation, or in 
the shape of zig-zag courses of hoop iron, exposed to 
the air. It is not of material consequence what form 
the artificial resistance takes. 

Before starting the new dynamos the volts and 
amperes given by the working machine must be 
observed. This is usually done by keeping the in- 
struments in the circuit, so that the load upon the 
machine can be observed at any time. Similar indi- 
cators must also be placed in the circuit of the fresh 
tnachine,and its working continued upoiv fee a."c\^Ac\Ti\ 
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resistance until the volts and amperes given by it 
agree approximately with those upon the working 
dynamo. The two machines are then put in parallel, 
and the artificial load at once taken off, as before 
explained. 

For small installations, not provided with many 
instruments, the simple method of getting the 
potentials equal before switching in, explained at 
p. 50 as applicable to accumulators, will be found 
very useful. 

To prevent overloading many stations are furnished 
with current registers, so arranged that, after the 
manner of an " excess alarm," a bell begins to ring 
as soon as the current becomes abnormal. These can 
be adjusted beforehand to go off at any predetermined 
load, and obviate any overheating or injury to the 
working machine. 

Alternating Current Dynamos in Parallel. — To 
effect the running of alternators in parallel without 
injury to the lamps, or other inconvenience, is not 
quite so simple as the working of uni-direction 
machines together. 

It may be well to explain that alternators work 
according to a " phase," a given predetermined 
number of which are completed in a minute or second, 
as the casn may be. The phase or wave is frequently 
symbolised by a curved line, nj . The number of 
these per second is known as the rate of alternations, 
or the periodicity of the dynamo. In Europe the 
makers of alternators run their machines rather slower 
than American makers; thus many European alter- 
nating dynamos give only 80 to 100 alternations or 
waves per second, while Westinghouse's American 
alternator gives as high as 267 per second. 
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Synckromsing, then, of the phases of two dynamos 
to work in parallel cannot be effected unless they are 
of the same period and moving at the same speed. 

It is generally known that it is easier to work 
alternators in parallel as their rate of alternations is 
slower, or, in other words, the switching on is more 
simply effected, with less liability to disturb the 
lamps. 

If a fresh alternating dynamo, moving at the same 
speed, and giving the same rate of alternations, ba 
switched at any time into the working circuit of 
another, a violent jumping of the light, with pos- 
sible extinctions and re-lightings, will generally occur. 
This will go on until the two dynamos have worked 
themselves into the same speed, and are in perfect 
synchronism. It will be observed that they quickly 
pull each other into unison. 

Such an occurrence would not only be unsuitable 
to public lighting, but would rapidly destr(^ the lamps. 
The life of a lamp would, under this treatment, be 
reduced very considerably, and many lamps, failing 
to stand the strains, would break altogether. This is 
not, of course, the only objection to the indiscriminate 
throwing on of a fresh alternator to a working circuit. 
The insulation of the machines themselves would 
probably suffer just as much as the lamps, and there 
are other objections. Hence the only practicable 
method is to determine beforehand that the two 
machines are in perfect accord. Switching on is then 
attended with no disturbance in the working circuit. 

Practically the first dynamo is simply run until its 
volts and amperes agree with those of the working 
dynamo. When perfect accord occurs the connections 
are made instantly. If well done scaiceVj a.^vOt-^S.-a. 
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the lamps will ensue. It is generally effected by means 
of both instrument observations and one incandescent 
lamp, A small auxiliary switch places the fresh 
dynamo parallel with the working machine through 
one lamp only. This lamp is carefully watched. It 
usually flickers or dims and brightens frequently 
before a perfectly steady moment occurs. As soon as 
the lamp is at full brightness, and is quite steady, the 
main switch is at once thrown in, bringing both ma- 
chines upon the same main. If there be any tendency 
of one alternator to fall out of phase with the other 
more work will be thrown upon the faster engine, and 
a balance of half and half is thus almost instantly 
obtained. 

Accumulators and Dynamos in Parallel. — Storage 
batteries are, of course, only used in connection with 
continuous current machines. They are being largely 
employed in central station work, and there has not 
been found any difficulty in operating them upon 
mains and feeders in conjunction with dynamos. But 
in balancing an accumulator to feed in parallel with a 
machine the use of a rheostat, or resistance, is not 
required for the accumulator. It is usual to switch in 
cell after cell until a balance of power is obtained. 
Again, the simple test lamp device, described at 
p, go, may be employed for indicating in place oi 
more elaborate instruments. 

Central Station Time and Current Curves. — The use 
of these is becoming very common. At each central 
station is kept a table showing at a glance the 
probable consumption of current at any hour in any 
given month of the year. This arrangement has led 
to such a system that the switching attendant can tell 
almost to a few minutes when to look for an abnormal 
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CARDEW VOLTMETER. 

current from his workin;^ dynamos, indicating the ne- 
I cessity for a fresh machine in parallel. 

Working Indicators for the Switch Room. 

It is curious that scarcely any of the instruments 
that have been hitherto employed for measuring pur- 
poses in the laboratory or class-roam have been found 
useful for the practical work of the dynamo room. Tliis 
fact has given rise to the production or invention of a 
goodly number of indicators especially designed for 
the practical working of installations or systems of 
public supply, and as most of them are new, or have 
only come into use within the past year or two, we 
propose to acquaint the reader with a sketch of two 
or three of them in the hope that this preliminary 
information may prove useful to him in employing the 
instruments themselves. We can only, however, 
notice a few of the most successful within the limits 
at our disposal. 

Cardcw's Patent Voltmeter depends for its action 
on the expansion of a high resistance wire due to the 
heat produced by the passage of a current, and is, 
therefore, absolutely free from the errors due to neigh- 
bouring currents and other causes which sometimes 
exist in other forms which depend upon magnetism for 
their action. It is said to be the only voltmeter that 
is self-compensating for temperature and will give the 
same reading in summer and winter. So far, the 
Cardew instrument has been chiefJy used for alter- 
nating currents, but is said to be quite as effective 
under continuous currents. 

The external appearance of the instrument may be 
observed upon price lists, and merely shows a long 
itube, carrying at one end a large diaV, m'Csv ^\\^X 
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finger moving over a circular scale graduated to volts ' 
and fractions thereof. 

The interior of the instruments, as made according 
to the " 1890 pattern," is shown in Fig. 1 1, where the 
general arrangement for magnifying the movement 
due to the expan- 
sion of the wire is 
exhibited. It con- 
sists of a series of 
wheels, or bearer 
pulleys, usually of 
bone, set in 
jewelled centres, 
with a hair-spring 
for eliminating 
"back-lash." The 
fine wire is carried 
from the small cen- 
tral pulley away 
on both sides to 
the bottom of the 
tube and back 
again, so that 
although the ex- 
pansion obtained 
is that due to only 
half the wire in use 
Rg. II.— c'ardffl-^voiiineter. the mechanical 

strain on the wire 
is halved. A safety fuse is inserted to save the work- 
ing wire in case of an excessive E.M.F. being ap- 
plied to the terminals, but care must be taken in using 
the instrument not to lift the brushes of a dynamo tXm 
produce a sudden difference of potential which mightJ 
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destroy the working wire before the fuse could act, 
' The wonderful accuracy of this instrument, within cer- 
tain useful ranges, is becoming well known. It is 
made generally in two patterns, vertical and horizoo- 
. tal, in sizes ranging from lo to 30 volts, and similar 
I ranges,threeother sizesuptofrom40to 150 volts. The 




[horizontal tube pattern instruments read up to 120 
volts. Messrs. Drake & Gorham are the owners of 
the patent. 

Cardew's Accumulalor Voltmeter. — An accurate volt- 
meter, reading from o to 2'5 volts has hitherto been a 
very difficult one to obtain. In the Cardew cell tester, 
which will actually read within these figures, we have 
1 accessory indispensable to the user of storage bB.\.- 

Atp. 47 we gave reasons for the e:s.\.Teme tax^ | 



6o 



switch-Board and testing work. 



with which accumulators should be tested for condi- 
tion, cell by cell, at frequent intervals. Although the 
thermometer will give timely notice of any short 
circuit in the cell, or other cause that might give rise 
to heat, there is nothing so certain as a test of the 
E.M.F. of the cell. The instrument, Fig. 12, is ex- 
tremely simple, depending as it does upon the slight 
expansion of a highly resisting wire in two parts, 
strung in a tense condition between two insulating 
horns. The wire controls the movement of a pointer 
so pivoted as to magnify the expansion. The litlle 
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instrument shown in the figure measures only sjin. 
square. A careful attendant upon accumulators will 
use his voltmeter each evening, towards the end of 
the run, while the accumulator is still discharging 
upon the lamps, when the lower li.M.F. of any 
weakly cell can be the more easily detected. But 
in addition to the use of the voltmeter for detecting 
incipient faults in the cells it is the proper indicator 
of the state of the battery while charging. When the 
cells attain to an E.M.F. of 2-5 volts they are very 
p^ar^ fully charged, and in discharging they should 
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I never be allowed to fall below o'5 volt for reasons 
1 explained in the remarks upon accumulators, p. 46. 
For making connection with the poles of the cells 
L useful form of contact 
maker, Fig. 1 3, is issued 
with the small voltmeter. It 
is only necessary to touch, 
for a moment, the two poles. 
Acai?fmlator Hydrometer 
Instruments. — While on the 
subject of instruments for 
testing accumulators note 
may be made of the kinds of 
hydrometers commonly em- 

t ployed by attendants of 
storage batteries. Fig. 14 
represents the usual form of 
open scale hydrometer with 
A flattened bulb. It scales 
from i'075 to 1-300, an ample 
range for accumulator work, 
according to its height float- 
ing in the solution. The later 
form of "bead " hydrometers, 
Figs. 15 and 16, contain four 
coloured glass beads, which 

t float at the following densi- 
^es respectively i ■ 1 050, i ' 1 70, 
T190, and I'aoo. These are, 

of course, more easily read Fig. ii. Fig. is. Fig. 16. 

in a poor light than the HjdrDmeim- 

scale instruments. Fig. 15 is made much longer, 

for use in storage cells contained in teak boxes, as 

ised aboard ship, and is known as ftve ^V^Vj^tQ 



meter. The instrument is adapted to be passed 
through the vent hole in the cover of the box, and to 
withdraw a sufficient quantity of the solution to enable 
the beads to float. In order that the liquid may 
not escape, the finger is placed over the opening 
in the top of the tube. This form is useful also in 
indicating the level of the 
solution in the cell. The 
"Holden" type hydro- 
meter, represented in Fig. 
17, as in use in a glass cell, 
is also largely employed on 
account of the ease with 
which its indication can be 
read. The scale as shown 
is separate, and set with its 
point touching the liquid. 

Magnetic Voltmeters. — A 
considerable number of 
fairly accurate voltmeters, 
depending for their action 
upon a permanent magnet, 
have been introduced of 
late. Messrs. Ayrton & 
Perry's is one of the best of 
these, and is too well known 
Fie. ij.-Hoidi:n*» Hsdrameier. to Call for detailed descrip- 
tion. There are, however, 
in certain situations several objections to permanent 
magnets, the most forcible of which is doubtless the 
tendency of such a magnet to change in strength, or 
weaken with time. Such a fault calls for re-adjust- 
ment of the instrument at frequent intervals, with all, 
the trouble of having to make or employ an absolut^l 




■ accurate "standard" cell, giving a known voltajje. 
This re-adjusting is generally known as calibrating. 

To Calibrate Ayrton & Perry's Voltmckr. — It may 
be useful to owners of these instruments to possess a 
ready rule for re-adjustment. In both the simple and 
commutator instruments the adjustment by which the 
deflections are rendered direct is made by moving the 
galvanometric coil from a stronger part of the field 
into a weaker part, or vice versa. The coil is sup- 
ported by two screws, and by means of nuts it can be 
moved as above described. On unscrewing the base- 
board the magnet and coil of the instrument are 
exposed, and the adjustment can then be made. To 
calibrate the commutator voltmeter turn the com- 
mutator to parallel, and send a curent from a standard 
cell of known E.M.F. through the instrument ; a de- 
flection, D, will be obtained.*- Pull out the plug of the 
resistance coil, and a new deflection, D, will be given. 
If E. is the E.M.F. of the standard cell, then the 
difference of potential at the terminals of the instru- 



^bients = 



D— D . ,, , -c-D— D ,. . 

^=-— in parallel, or ioIi--f=r — - volts in series. 
Dd ^ ' D D 

adjustment of the coil can be made until the desired 
value per degree is obtained. Although a Daniell 
cell, giving as nearly as possible, when in zinc and 
copper sulphate i -07 volt, is frequently used for cali- 
brating, the result cannot be accurate reading. It is 
much more satisfactory to use one of Mr. Latimer 
Clark's standard cells, the employment of which is 
becoming common among electrical engineers. The 

KM.F. yielded by this little cell is accurately 1-435 
• ^buHeryofwTeralBHsh cells is usUiiJly em^\o^e4\a<;'^^*n»:\\>^' 
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volts at ordinary temperature. The Clark's cell | 
should never be allowed to work through any resist- 
ance less than 1,000 ohms. 

Paierson' s Eledfo-Mcigfutic Voltmekr. — For ordinary ■ 
work this voltmeter has proved itself very useful. 
It is at least free from most of the objections 
urged against permanent magnet voltmeters, and is 
said to be constant, calling for no re-adjustment. On 
the other hand the magnetism is got by the setting up 
of a current, and although this would only intro- 
duce a trifling error in 
a case of considerable 
E.M.F., it might give 
rise to a slight drop of 
potential in the case 
of delicate readings. 
The instrument is 
handy, and not too 
high in price, with a 
register accurate 
lough for every day 
use. Fig. 18 repre- 
sents the external ap- 
Fig. i8.-Kieciro-M.iEni;t:c voiLmeier. pearance. The usual » 
permanent magnet is J 
replaced by a slender electro-magnet, acting upoOj 
an indicator in the usual way. It is made to givd 
ranges of from o to 5 volts, from 2 to 50 volts, ; 
so on up to 200 volts. By means of extra resistanci 
coils the range of the instruments can be multiplieM 
by 2, 4 or 8. 

Sir William Thomson' s " Stccl-yard" Gravity Voli-M 
ttteler is becoming well known to working electricians* J 
It is one of the simplest and most effective in us^J 
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consisting as it does of a high resistance coil, in the 
form of a cone, within which is suspended a short 
conical piece of soft iron, balanced upon the short end 
of the steelyard. The connection of the coil to the 
poles of an electric source causes an attraction of the 
stumpy piece of iron further into the coil, and a cor- 
responding movement of the steelyard indicator over 
its scale. Sir William Thomson's new direct- reading 
vertical scale voltmeter is likely to have extended 
application for the finer work of the testing room. 
The same eminent electrician's electrostatic volt- 
meters, and his recent Centi., Deci., Deka., &c,, 
ampere balances are likely to meet a demand for 
highly accurate amperemeters. 

A description of Siemens' Electro Dynamometer is 
scarcely necessary.* Both that and the standard 
voltmeter introduced by the 
Edison-Swan Company, as de- 
vised by Messrs. Gimmingham 
& Fleming, are becoming fairly 
common in collections of elec- 
trical test instruments.t 

Pocket Voltmekr, — As iUus 
trating the extreme of porta- 
bility the pocket voltmeter, re- 
presented in Figs. 19 and 20, 
will prove of interest to elec- 
tricians whose avocations take 
them away from the more im- 
portant instruments, which 

must be kept in the test room, or, at best, cannot be 
carried in the pocket like a watch. The little volt- 

ee " Electiic LiEbt," p. 331. 
t See H paper icad before the Inslilule of ELeclikaX 
I .1887, for a. desctipliaii o£ ihe laltcr 
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meter shown is fitted with a permanent magnet, in 
the field of which is placed a small galvanometric 
coil, the terminals of which end in two insulated 
plug holes at the edge of the case. The indicator 
axis is carried through the face, and terminates in 
a light style, moving over a graduated scale. The 
pocket voltmeter is made to read in ranges, from o to 
10 volts, and so on, up to So volts. 
Messrs. Ayrlon & Perry's Spring Voltmeter and 
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Ammeter has only very recently come into use, but it j 
is likely to supersede many of the more common forms J 
of electro magnet voltmeters. It consists essentially j 
of a coil of wire, acting as a " sucker " coil, the i 
being a tube of soft iron. To the tube is attached thai 
lower end of a kind of constant diameter volut^ 
spring, which carries a pointer on its upper endi 
Upon the coil being connected to the poles to 
testeQf the coil excites a down-pulling force upon tl« 



soft iron tube, thereby sensibly extending the spring, 
and causing its upper end to rotate a certain distance, 
carrying the pointer. It is a very useful instrument 
for practical work, and acts either as a volt or an 
ampere meter, according to the resistance of the coil 
used. 

Amperemeters for Station Work. — Most of the 
instruments already spoken of as adopted for the 
measurement of E. M. F. (voltmeters) can also be 
used, with slight alteration, for measuring current. 
As a rule, an ammeter is simply a voltmeter with a 
coil of lower resistance. At many central stations 
rough, large amperemeters are put up, composed of a 
coil of insulated wire, having a freely-moving core of 
iron or steel balanced within it. The core carries an 
indicator, or is attached to the short end of a long 
steelyard, moving over a scale. The scale is usually 
a rough one, made to correspond with the movements 
of the indicator. Such a makeshift instrument has 
frequently been found to preserve its accuracy longer 
than many more pretentious amperemeters. Am- 
meters for installations or central station work are 
frequently graduated not to amperes, but to lamps, and 
are adapted to show the number of lamps in the circuit 
at a glance. Such a system cannot be recommended. 
It is well known that lamps vary greatly in their con- 
sumption, and any instrument graduated to them can 
only give a rough approximation to the actual current 
passing. 

Whenever makeshift or doubtful instruments are 
to be used they should be carefully standardised 
first by means of the torsion dynamometer of 
Siemens. The amperemeter devised by Messrs, 
pleming & Gimmingham, now issued \>^ Wft'^^s^ji 
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Swan Company, and spoken of at p. 65, is likely to- 
have an extended application. But the introduction 
of commercial amperemeters, dating as it does back 
only a few years, has not yet led to the general 
adoption of any particular system — each electrician 
chooses or devises for himself. 
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Edison-IIowell Lamp Inditator, as used on the com- 
mercial circuits m America, la represented in Fig. 21, 
A magnetic needle is employed as the indicator. II 
remains at "zero" (that is, in this case, the centre of 
the scale, indicating the "balancing point" or posi- 
tion of equilibrium when set to the exact voltage 
required upon that circuit), and is only caused ta 



tiuarf 

deviate either way by any abnormal fall or rise in the | 
potential or current. In principle it depends upon 
the great variation in the resistance of carbon as the 
filament of a lamp, due to any change in the tempera- 
ture. A rise of temperature is accompanied by a fall 
of resistance in these lamps. In order to utilise this 
fact use is made of the principle of the Wheatstone's 
bridge, as indicated in the diagram (Fig, 22), The 
circuit to be indicated is made to pass a portion of its 
current through the incandescent lamp. The amount 




of this current is determined by the E.AI.F. or pressure 
in the circuit, and varies with the pressure. The 
temperature of the filament varies with the current,* 
as does also its resistance. Thus, by measuring the -^ 
resistance of the filament (or balancing it) an in-r 
direct measure is got of the pressure acting upon it, 
The marks upon the scale are laid out to indicate the 
volts necessary to bring the carbon filament to the 
resistance required, so that the scale gives a direct 
measure of the E.M.F. in the circuit. 
In the diagram L represents a. ca^Vio-a Si3.T^ft\jS. I 
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lamp. D is a coil of wire of sufficient 1 
the lamp current without overheating. These two 
resistances form one arm of the bridge. The other 
arm is composed of three resistances of wire. A, C, 
and B, and the galvanometer is connected between 
the point F and the frame upon which the slide contact 
S slides. This enables the galvanometer contact to 
be made at any point of the resistance C. If A, plus 
that part of C on the left hand side of the galvano- 
meter contact be represented by A' ; and B, plus the 
part of C on the right hand side of the galvanometer 
contact be represented by B', then when a balance is 
obtained on the bridge, and no current flows through 
&, we have A^ D = B^ L, G is a simple form of gal- 
vanometer which indicates the direction and relative 
amount of the current Solving through it. When the 
instrument indicator is in zero, no current is flowing 
in G. If, now, the sliding contact be in the centre of 
resistance C, and a suitable lamp be in L, on sending 
a current through the indicator, and gradually in- 
creasing it, the resistance of the filament becomes less 
and less, until, when the desired pressure is acting 
upon the indicator A' D := B' L no current i^ows 
in G, and the indicator remains at zero with the circuit 
either made or broken. This position of the sliding 
contact is marked D, and, if at any time the contact 
be placed at this point, and the pressure made such 
that there is no current in G, it is evident that the in- 
dicator shows the same pressure as that employed 
when it was adjusted at that point. The indicator 
being thus balanced, if the pressure be increased the 
pointer will move to one side of zero ; if it be de- 
creased, it will take an opposite course. 

Should the sliding contact now be moved to some 
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other point, it will alter the values A' and B', and the I 

pressure will have to be adjusted until the resistance i 
of L is changed enough to make A' D = B' L again. 
This position of S, corresponding with the new 
pressure, may be marked, and in this way can be 
ascertained the pressures that will balance the bridge 
with the contact S in any position on the coil C. 
Thus the scale should be marked for a range of volts. 
The pressure of the circuit may thus be set at any 
point that is on the scale, and changing the pressure 
on the line until the bridge is balanced and the pointer 
remains at zero, as before, whether the galvanometer 
circuit be closed or open. 

The interior construction of the instrument shows 
a galvanometer needle carrying a long, light indicator, 
the terminal point of which is visible upon the upper 
scale of Fig. 21. A directing magnet is swung upon 
an axis, accessible from without the case, so that the 
indicator can at any time be brought to zero. The 
sliding contact, the indicator attached to which is 
visible upon the lower scale of the box, has a handle 
projecting through the case for setting. The coils 
have a resistance of 90, 257, and 1,000 ohms respec- 
tively, and are composed (as to A and D) of German 
silver wire, and B, partly of German silver and partly 
of copper; by a known proportion of these the 
indicator remains balanced at all ordinary tempera- 
tures. 

Two lamps are usually sent out with each indicator, 
marked in red and black, corresponding with the red 
and black marking of the two scales. The object of 
this is to afford a means of checking the accuracy of 
the readings by employing one lamp solely for the 
purpose, of comparison, which is used but seldom. 
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and whose resistance therefore is not liable to v; 
ation with time. The other lamp is constantly in 
use, and any variation of its resistance can be ascer- 
tained at any time by comparison with the standard 
lamp. 

If the pressure in the mains rises wlien the instru- 
ment is connected across the wires in use, current will 
flow across the bridge. This will heat both the carbon 
filament and the German silver wire, but whilst heat 
increases the resistance of a metal it diminishes that 
of the carbon filament ; hence the resistance of one 
pair of arms is increased but that of the other pair is 
diminished, upsetting the balance and causing the 
galvanometer indicator to deflect from its position of 
zero. This test is very delicate, and necessarily so, 
when we consider that a fall of five volts in a hun- 
dred in the working pressure will cause lamps which 
burn quite brightly at a hundred volts to become very 
dull. On the other hand, a rise of five per cent, will 
tend to shorten the life of the lamps. Upon well- 
conducted systems the pressure upon the mains is 
never allowed to vary more than one-half per cent. 
Such close working- could not easily be attained by 
any ordinary means other than the use of zero-indi- 
cating instruments such as we have described. 

Regulation of the Dynamos to correspond with Balance ■ 
Indicator. — As we have already ascertained (page 6). 
the regulation, save in small installations where a ■ 
com pound- wound machine may regulate for itself, is 
usually effected by varying the exciting current by 
means of a shunt. The exciting machine field is in- 
deed the point of regulation generally resorted to. It 
is comparatively easy, by means of a simple resistance i 
frame, to so control this small current that the prea--| 
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sure is kept within the required half per cent. At I 
some stations the speed of the engine is accelerated J 
or retarded as required. I 

Enough has been said to give some idea of the I 
nature and variety of indicating and regulating instru- \ 
xnents employed in isolated and central station plant 
working. 

A few words further, by way of summing up. The 
general scope of these indicators and controllers may 
serve to fix in the reader's mind the everyday appli- 
cation of this lately-developed system of regulating ' 
electric supply, J 

Of Rheostats it may be said that for practical dy- | 
namo-room work they are simply resistances that can 1 
be adjusted from little to much at will. They take 
many forms. For heavy current work large rheostats 
usually consist of coiled (or otherwise compactly dis- 
posed) iron wire, or of hoop-iron, or of carbon-rod ; or, 
for instrument work, the more expensive German 
silver wire. The practice of controlling by means of 
a variable resistance, save for small currents, is going 
out of fashion. At one time, and even now, in isolated 
plants, the main current was passed through a resist- 
ance which was raised to suit the lamps. This was 
extremely wasteful, and a great step in advance was 
taken by controlling only the exciting current of the 
field magnets — in other words, varying the resistance 
of the shunt. It is of course still more economical to 
vary the current of the field of the exciting dynamo 
when a separate exciter is employed. Dynamo 
balancing rheostats are merely resistances having a 
range sufficient to balance the current of one dynamo 
against that of another, with which it is desired to 
run it in parallel. This was formerly, as es.QlB.va!^^4 



p. 53, effected by a rheostat of lamps, or merely l 
bank of lamps, not adjustable, 

The regulating part of the rheostat usually con- 
sists of a series of contacts, or copper plates, connected 
in series with successive portions of the iron wire or 
hoop. By the sliding of a lever over them each one 
is in turn switched over into the circuit and adds its 
resistance thereto. They are usually made in the 
form of a circle for ease in manipulation. It may be 
accepted ^s a sign of poor electrical engineering 
when large rheostats have to be used at all. Their 
use means waste and bad regulation. 

Resumd. — Broadly, then, the instruments used in 
the dynamo and switch-rooms are as follow: — Rhe- 
ostats, for regulating the E. M.F. and ctirrent ol the 
dynamos; balancing rheostats; potential indicators 
(voltmeters] for showing at a glance any variation in 

Ithe pressure upon the leads or mains {brighlness of the 
lamps). These usually remain continually in the cir- 
cuit. Amperemeters (current meters) used to indicate 
the number of lamps on circuit. This is also commonly 
kept in circuit, and shows, in conjunction with the 
voltmeter, the work going on, giving warning of any 
necessary approaching change. Detectors, for calling 
attention to ground or earth faults. These take several 
forms, according to the nature of the work and the 
potential at which the mains are charged. 
: 



Resistance and Insulation Testing. 

The " practical" electricity of the schools, class- 

oms, and laboratories is frequently so different 

from the practical electricity of the electric light 

station that a few hints respecting the taking of 

resistances appears necessary in the present chapter. 



The resistances that most frequently need to be 
measured are those of the coils of armatures and 
field magnets of dynamo machines, the resistances of 
mains or leading cables, the resistances of branch 
leads and wiring- generally in buildings. These are 
resistance tests only, but they only give half the infor- 
mation generally required. It is frequently still more 
necessary to ascertain the i?isiiIaiion resistance of the 
coils of armatures and iield magnets, and of mains, 
feeders, branch leads, and -wiring generally. 

A rough measurement of the resistance of an arma- 
ture, or field coil, is sometimes taken as follows. It 
may, of course, be made sufficiently accurate for 
ordinary purposes by using sufficient care in taking 
the test. It depends upon the principle of comparing 
two deflections of the galvanometer, which are pro- 
portional to the fall of the potential shown by the 
insertion of a resistance. 

Take a wire measuring over a hundred ohms, and 
another wire of only a hundredth of an ohm. These 
can be obtained from, or produced by, the testing 
set described further on, if not at hand. Connect 
these in series with an accumulator cell, and the 
brushes pressing upon the commutator of the dynamo, 
forming a complete circuit : cell, two resistances, and 
armature coil. For the test employ, if possible, a 
delicate reflecting galvanometer ; connect it by wires 
with the two ends of the one hundredth ohm resistance 
and note the deflection. Remove the wires and apply 
them to the brushes of the machine, turning the com- 
mutator round, sector by sector, so as to get the 
average deflection. The average deflection produced 
upon the galvanometer, compared with the deflection 
got from the one hundredth ohm coil, abo'w 2&o'w;:a'<^'i 
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resistance of the armature coil compared with the hun- 
dredth ohm coil ; e.g., a deflection of 50° from the arma- 
ture coil and of only 25° from the hundredth ohm coil 
would show that the armature coil had as much again 
resistance as the hundredth ohm coil. A " comparison 
coil " of any suitable resista;ice can be used, but when 
the resistance of the armature is low the hundredth 
part of an ohm is a convenient standard. The rough 
coils employed for this purpose are frequently of hoop 
iron. Strap iron, having a thickness of-,'-jnd of an 
inch and a width of half an inch, will bo found to give 
approximately one ohm resistance for each 100 yards. 
The high resistance coil is merely used as a " choking 
coil" to obviate the passage of an appreciable cur- 
rent by the cell. The setting up of a large current, 
which would ensue upon using a small resistance, 
would probably entail a fall of potential in the cell, 
and an error in the observation. 

This simple method is frequently used for measuring 
the resistance of circuits, its chief advantage being 
that no instruments are required except a reflecting . 
galvanometer, and only one of the resistance coils — I 
the smaller — need be accurately known. 

Tesling Box. — But for general resistance measuring 
a proper " testing set," consists of a Wheatstone 
bridge combined with resistances in a case, and a 
testing battery in a separate portable form. The 
nature of the balancing method generally spoken of 
as Wheatstcne's bridge is well known to students, 
and since it is elucidated in class-rooms, and may be 
studied in any standard text-book of electricity, it 
will be unnecessary to describe it fully here. The 
class-room Wheatstone bridge, however, is not quite 
similar to that used by practical electricians, and wel 



therefore select for description a good form for every- 
day working purposes. 

Fig. 23 represents the general appearance of a test- 
ing box, as issued by the Gutta-Percha and Telegraph 
Works Company, and is especially designed for the J 
use of electric-light engineers. 
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It consists of a Wheatstone bridge with dial ] 
pattern resistance coils, capable of measuring copper ' 
resistances of from "oi ohm to g.goo ohms, a highly 
sensitive galvanometer, and all the necessary ap- 
pliances for measuring insulation resistances up to 
30 meg-ohms, a galvanometer key, and '/ath and 
' 1 3 ut^ galvanometer shunts, fitted coTO'^Vet'aS.u a. te'Sst' I 
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wood case, the dimensions being 7i in. x 71 in. X 
65 in., and weight 8^ lbs. 

Such a testing box saves a great deal of trouble. 
It obviates the necessity for setting up the delicate 
and by no means portable instruments sometimes 
employed where reliable tests are to be made. 

The battery consists of 30 Leclanch6 elements of a 
special portable pattern, contained in a polished 
wood box 1 1 in. X 9 in. and 7 in., connected up to ter- 
minals in the box, and provided with flexible wires 
for connection to the test-box. 

To take a Conductor Resistance, — Fig. 24 represents 
the particular arrangement of the resistances, ter- 
minals and galvanometer in the box forming the 
Wheatstone bridge. Figs, 25 and 26 show the con- 
nections necessary in taking copper resistances and 
insulation tests respectively. It may be pointed out 
that insulation testing is daily becoming of more and 1 
more importance. The fire offices now insist upon 
stringent conditions of safety insulation, and it may 
be accepted as the tendency of the times to provide 
abundant "safety" insulation as distinguished from 
purely electrical insulation, which might in many 
cases be of a comparatively inferior nature and yet, . 
serve the purpo-ses of carrying the work of feeding I 
lamps on from day to day, without much loss. 

Reverting to Fig. 34, A and B are Wheatstone- 
bridge balance coils, and C and D, two dial-fon 
resistances j G the galvanometer, and K the key. 

Connect the conductor or the circuit to be tested t 
the " bridge terminals " on the right front of the b 
the plugs connected to the battery wires are tc 
placed in the " bridge " plug holes in the right of theTl 
bos, 
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The resistance of a conductor is obtained by balancing 
known resistances against the resistance to be measured 
in the following manner : — 

The resistances marked A and B are the ratio re- 
sistances, and in each test it is necessary that one 
should be unplugged in A and one in B. 

The theory of the arrangement is the obtaining of 
equilibrium by the adjustment of the resistances in A, 
B, and C, D, until there is no difference of potential 
between the points E and F, and consequently no 
deflection of the galvanometer needle when the key 
is closed. These conditions can only be obtained 
when the resistances in the two sides X B and 
C D A are equal, or bear certain proportions to each 
other. Let us take the case of obtaining equilibriums 
with equal resistances. Make the resistance of the 
ratio sides A and B equal by unplugging the lo, 
loo, or 1,000 coil in each ; it will be obvious that a 
balance or state of equilibrium between the points E 
and F will be obtained when C, D=X ; it is there- 
fore necessary to vary C, D until no deflection of the 
galvanometer needle is produced on repeated tapping 
of the galvanometer key, when C, D^X. It will be 
observed that by using equal ratio resistances, any 
resistance between i and 99 ohms can be measured, 
but by a suitable arrangement of the ratio resistances 
the range can be extended to from -oi ohm to 9*900 
ohms, for if the 10 coil in the ratio arm B, and the 
100 coil in the ratio arm A are unplugged, a balance 
will be obtained when the resistance in C, D is ten 
times that of X; therefore, C, D divided by 10 will 
give the resistance of X. In the same manner we 
may have the 10 coil in B unplugged and the 1,000 
coil in A, in which case we divide the resietance in I 
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C, D (when a balance is obtained) by loo to obtain the 
resistance of X. High resistances are measured in 
the same manner, but the resistance in ratio arm B is 
made higher than that in A. For example, if we 
make E lOO and A lo we multiply C, D by lo to 
obtain X, and if B is i,ooo and A lo we multiply C,D 
by iDO, In the testing box the ratios are placed in 
front of the ebonite base; the left hand 1,000, ico, 
and 10 coils representing A, and the right hand 10, 
100, 1,000 coils representing B. 

The following table gives the most suitable ratios 
for measuring resistances between the limits stated :— 
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900 and 9,900 . . I 


K» ■ . . 10 ■ Multiply C, D by 


90 „ 900 ., 


00 .. 10 „ CD by 


9 II 90 


10 .. 10 C,D = X. 


■9 „ 9 .. 


10 .. 100 Divide C, D bj 10 


■01 „ -9 ■■ 


lo .. 1000 „ C.Dbyla 



It will be found while adjusting the dial resistances 
C, D, that if the resistances to which the dials are 
adjusted is higher than X, the galvanometer needle 
will be deflected to one side, while if the dial resist- 
ance is lower than X, the deflection will be to the 
opposite side, becoming less and less as the balance 
is approached. When the balance is nearly obtained, 
the key should be pressed down repeatedly, in order to 
induce the galvanometer needle to swing. 

To take an- Insulation Resistance Test. — To obtain a 
constant, place the battery-wire plugs in the plug 
holes marked insulation, and plug up the 10,000 and 
'/» or Vnn shunt in order to obtain a suitable 
deflection of the galvanometer needle ; call this de- 
flection 6, and the shunt used S. 

Insulation i^Connect the terminal marked " ca.ttJi." 
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to any convenient ground contact, such as a gas or 
water pipe, and that marked insulation to the con- 
ductor or circuit to be tested. Plug up the "insu- 
lation " switch (removing the plug from 10,000) and, 
if required, '/o or '/hs shunt, reproducing as nearly as 
possible the constant deflection 0. Call the deflection 
of the galvanometer pointer D, and shunt S, then — 
Insulation resistance in ohms^ 

fl X S X 10,000 /I 

D X S ^ ' 

or, if no shunt has been used in the insulation test—' 
? X S X 10,000 



Resistance in ohms = 



D 



(2) 



Wo/lc. — The multiplying power of the Vb shunt 
is 10, and that of the ^/g^ shunt 100. 

Example. — Suppose the deflection $, when taking 
the constant to be 45°, and the shunt being '/abj ^"^ 
the deflection D 20" with '/s shunt, then, according 
to equation i — 

45 X 100 X 10,000 ,,^ „ „t,„„ 

_i =: 225,000 ohms. 

20 X 10 

Example, — The constant deflection being as above, 

let the deflection D = 5*, no shunt being used — 

45 X 100 X 10,000 , , 

iii 1 — _ ^ 9,000,000 omns or 9 meg-ohms. 

Portable l^^ealshnds Bridge. — A very convenient 
portable bridge, for the comparing of small resistances , 
(up to 100 ohms) has lately been introduced by 1 
Messrs. Woodhouse 1^ Rawson. It measures only J 
5J in. in diameter, with a height of 3i in. Th 
ratio wire is of platinum silver, arranged in a ci: 
spiral form and stretched upon the thread of a doublw 
■ threaded screw, cut on an ebonite cylinder, and the 
oinecting wire to one terminal of the batteiy 
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stretched on the other thread. Connection is made ' 
between the two by a spring and roller contact fixed 
to the inside of the ring-nut working on the screwed 
cylinder. The position of this nut, with its contact 
piece, determines the relative lengths of the platinum 
silver wire on either side. Four plug blocks are 
placed on the top of the cylinder, allowing a resist- 
ance of either -oi, .1, i, or ro ohms to be inserted in 
one arm of the bridge. Here are also the necessar5 
terminals for connection 
to battery, galvanometer 
and resistance to be 
measured with a contact 
key. The arrangement 
is represented in Fig. 27. 
Insulation and Con- 
ductivity Tests during 
Wiring. — The simplest 
test, and indeed that to 
which the common wire- 
man confines himself, is Fig. s?.— Ponable Whtatslone's Bridge, 

a test for continuity. The 

only instruments required for this consist of a battery 
cell of any portable kind, and a galvanometer of the 
simplest description. A wireraan's "testing set" 
usually consists of a semi-dry Leclanche cell, a de- 
tector galvanometer, having a few hundred ohms re- 
sistance, and a connecting key, with suitable termi- 
nals. The whole is usually fitted into a small portable 
wooden case. But the only information such an 
equipment gives is warning of any break of conti- 
nuity in the wiring. 

There may be a serious defect in even the con- 
tinuity, which the first attempt to -pa?.?. a.\M^& c»s:t^i!S. 
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would make manifest, and yet the continuity test 
might be satisfactory. Such a fault commonly con- 
sists of any one of the following : — 

A wire practically broken, but yet partially con- 
nected by a portion of the wire only. 

A wire broken right across, but touching at the 
break. 

A twisted joint, without being soldered, but yet 
loose, e.g., not rigid. 

A loose safety plug or cut out, and yet in contact 
sufficient to give a deflection upon the galvanometer. 

Wires are sometimes accidentally caught by the 
■wireman's cutting plyers and cut nearly across 
without his knowledge. Such a point would heat very 
considerably when carrying full currents, and would 
finally be burned, opening the way for the formation 
of a dangerous arc between the severed ends. An arc 
of this kind would probably produce a fire. 

To take the ordinary conductivity test it is only 
necessary to connect the battery cell, galvanometer, 
and wire, to be tested in series, and to complete the 
circuit by connecting the remaining terminal of the 
battery to the " return " end of the wire. The wire 
may, of course, be connected at its far end to the 
"general return lead," and in the case of ship wiring 
to the iron body of the vessel, but the connection 
through the wire will he the same as if the wire itself 
were continued back to the test box. If there is con- , 
tinuity a deflection of the galvanometer will ensue ' 
upon depressing the key. If there is a break there 
will be no deflection. If there be a very weak d&- 
flection, it may be due to ineffective connections at 
the box itself, or to some one of the defects already 1 
indicated. 
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TESTS DURING WIRING. 

Reststcmce Tests. — These are taken by several me- 
thods, and it may be said that each electrician has his 
own particular favourite plan. The two leading me- 
thods in practical use, however, are that given 
at p. 78 and known as the balance test {by Wheat- 
stone's bridge), and that described at p. 75 known as 
the comparison of fall of potential method. The 
Wheatstone's bridge test is the most usually applic- 
able, save to very small resistances, and will be found 
all that is necessary in everyday working. 

The resistance tests are usually deferred until all 
the wiring is complete. Each circuit can then be 
taken in turn. In the case of an " installation " of the 
electric light, as in a house or ship, the tests should be 
taken from the main switch-board, close to the 
dynamo. In the case of house wiring for central sta- 
tion current the tests will begin at the distributing 
board where the leads join the connections (from the 
main) leading into the street. Circuits that are pre- 
viously planned will probably be also estimated for 
resistance, and it should thus be very nearly known 
the resistance in ohms presented by each circuit. 
Such preliminary information facilitates and ensures 
the correctness of the tests, because the tests them- 
selves should approximate closely to the calculated 
resistances. If they should vary the cause must be 
sought out. The tests themselves will be found fully 
discussed at p. 78. 

It scarcely seems necessary to remind the reader 
that the extremities of the "branch" and "twig" 
leads must be temporarily connected together during 
the copper resistance tests; otherwise the movement 
would be through the carbon filaments of the lamps if 
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these happened to be connected. But lamp connec- 
tions must be kept open during the tests. 

Insulation Resistance Tests. — This test is becoming 
of greater importance in the case of house and ship 
wiring than the conductivity test itself. It is the test 
to which the fire offices will look for safety, and its 
fulfilment should be insisted upon by every fitter of the 
electric light. 

The insulation test is of particular importance 
aboard ship and in all buildings where damp is 
likely to injure the insulation. The apparatus em- 
ployed should consist of such a testing bridge as 
that described at p. 78 with its battery of 30 cells, 
or as many more cells as can be conveniently used, 
A small battery power is useless. The test itself is 
most easily taken according to the method given at 
p. 81. It should show an insulation resistance of at 
least ■ I meg-ohm * per lamp for every volt to be used 
on the circuit. 

The earth connection made in taking the test should 
be particularly good, A water-pipe is usually a good 
earth-— better than a gas-pipe, where joints interfere 
with the conductivity to earth. 

The insulation aboard-ship, in cases where "ship 
return" is used, should be greater than that given 
above. In this case the " earth " will be the shell of 
the ship. 

But an insulation test may show fuU value before 
the working current is passed, and may fall off under 
the E.M.F, of the dynamo. For this reason the test 
should be in duplicate before the current is turned on 
to the lamps, and after the lamps have been run for 
many hours. Aboard-ship, and in damp situations, 
the test should be repeated at intervals. 
• Meg-ohoi x: one million ohm». 
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Insulation tests of overhead wires will show high in 
dry weather and low in damp weather. In the case 
of naked mains, underground, the same will hold 
good. Insulation tests of dynamo and transformer 
coils should be at least as high as that cited. 

Details relating to installation and house wiring 
testing are more fully treated in Chap. V , p. 182. 



CHAPTER IV. 

ARC LIGHT WmmG AND FITTING. 

A GREAT deal of the trouble that has hitherto been i 
encountered in the general utilisation of arc lamps 
has arisen from ignorance on the part of those 
fitting up the circuits for, or attending to, the arc 
lamps. Now that the lamps and currents are be- 
coming better linown, more skilled attention is given 
to them, and a great impetus has thereby been im- 
parted to arc lighting. It may also be pointed out 
that the revival of arc lighting (which, until lately, 
appeared likely to be eclipsed by incandescent light- 
ing) is due in a considerable degree to improvements 
in the lamps themselves, to more effective insulators, 
superior methods of automatic regulation at the dy- J 
namos, and to a better quality of carbons. 

The wonderful cheapness of the arc light, com- I 
pared to the incandescent light, would prove a strong 1 
inducement to many to adopt it in place of gas, were 1 
it practicable to obtain in ordinary commerce plant I 
that could be depended upon to yield a reliable and i 
steadyW^X. The general opinion of the arc light was, f 
until very lately, that it had not yet passed the experi- 
mental stage, and that it was in consequence erratic ] 
and unreliable. 

It should now be the aim of everyone interested in ] 
the new light to remove that impression, and to assist J 
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in spreading a general conviction that arc lighting ( 
be depended upon; that it is inexpensive and safe. 

This can only be effected by iirst understanding the 
nature of the arc -lighting current, the nature of the 
dynamo producing it, the best means of controlling 
it, the most effective method of distributing the light, 
and the working and care of the arc lamp itself. In 
one item alone (carbons) the cost of the running of 
the light has recently been very greatly reduced. 
And by such improvements as the substitution of a 
laminated for a solid armature in a dynamo the cost 
of the light has been reduced by one-third. 

The Obsolete Single- A re System. — When arclamps run 
from dynamos were first brought into use only one 
lamp could be put into the circuit of one machine. 
This was justly considered a great bar to the diffusion 
of the light, and altogether a costly system, neces- 
sitating as it did powerful lamps, only suited to special 
restricted areas. When Jablochkoff introduced his 
electric candle it was thought that arc lamps were 
entirely superseded, since several candles could be 
burned in the circuit of one dynamo. But an im- 
provement was soon effected in the arc lamp, which 
opened up a means of putting any number into the 
circuit of one machine. We may glance at the early 
form and the improved form. 

Single-Regulatiiig Coil Arc. — All the earlier lamps 
were regulated by means of a coarse wire solinoid, 
through which the whole of the current passed. If 
the arc in this lamp became too long the solinoid, 
through the weakening of the current, would allow the 
carbon rod to drop, producing a sudden "wink " and 
re-establishing the proper length of the arc. This 
sudden disturbance on the main and only cww!?would 
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be communicated to any other lamp on that wire, and 
would upset its arc. Every movement of the solltioid 
core, or every defect in the arc, would thus necessarily 
be imparted to the whole circuit. It was therefore 
impracticable to run more than one such lamp on 
one circuit. If two or more were put in a constantly 
flickering light ensued; some lamp would always be 
adjusting its arc and disturbing the others. This fault 
was overcome by a marked improvement, called a — 

Differential or Shunt-regulating Coil. — The coarse 
wire coil was retained as before, with its iron core, 
supporting the upper carbon ; but wedded thereto was 
a fine wire coil connected as a shunt to the arc. 
That is, when the current reached the positive terminal 
it had two paths open to it — through the coarse coil 
and the arc, and through the shunt coil direct back to 
the machine or negative terminal. If the arc became 
too long the current through it would tend to weaken, 
but this would cause a correspondingly stronger 
current to flow through the shunt, so that the current 
in the wires outside this lamp was not weakened. If 
the arc became too short the current through it would 
become stronger, but this would cause a correspond- 
ingly weaker current to pass through the shunt coi^ 
so that the current on the outside wires was not 
strengthened. The shunt coil also exerts a control 
over the separation of the carbons, and by means of 
these constantly balancing factors, the current passing 
through the lamp is practically constant, and does not 
affect any other lamp. 

These elementary explanations are offered in order 
to clearly distinguish in the reader's mind the nature 
of the lamps, with their balancing devices, suitable for 
single and multiple lighting. The construction of the 
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lamps themselves, in which many ingenious modifica- 
tions have been introduced, can be studied in a good 
descriptive book on electric lighting.* The modifica- 
tions are chiefly in the direction of making the lamps 
suitable for either constant current or constant potential. 
There is, at least, one lamp [the Brockie-Pell) which 
is so ingeniously adjusted as to fit it for working upon 
either circuit — that is, it may be taken from a con- 
stant current circuit and placed in a circuit where the 
potential is kept constant instead of the current, and 
it will burn very well. There is also a successful 
automatic cut-out in each lamp, so that if the carbons 
happen to burn out, the circuit will not be interrupted, 
but will remain open through the cut-out, leaving the 
lamp in a by-pass. 

Arc lamps in parallel, that is, placed across the main 
leads, like incandescent lamps, work very well when 
fitted with resistances or " choking coils," as they are 
called.t 

Arc lamps are frequently run upon alternating 
current circuits^ when adopted for that purpose, and in 
this way are now run off transformers along with in- 
candescent lamps — in this case, the arc lamp is, of 
course, placed in parallel across the leads. 

Focussing arc lamps are those in which both 
carbons move towards the arc, are burned equally, and 
keep the arc in one place. 

The distance between the carbons in arc lamps does 
not vary much. It always depends upon, and is 
nearly proportional to, the E.M.F. in the circuit. 

With an E.M.F. of 50 volts and a current of 15 
amperes the usual working distance is -fV^^^ of ^1 
inch. With a 40 volts E.M.F. and a 10 amp&re 
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current, ^th of an inch is usually the most efFective' 
working distance. These figures apply to the or- 
dinary powerful arc lamps used for street lighting 
when worked in series ; when worked in parallel, the 
E.M.F, must be higher — usually about 20 per cent. 

When a dynamo is running only one lamp its E.M.F, 
need not exceed 50 volts. 

When a dynamo is running several lamps its E.M.F. 
must be proportional to the number of lamps. If each 
lamp calls for 50 volts, and there are 20 lamps in 
series, the E.AI.F. developed by the machine must be 
at least 1,000 volts, with an allowance for fall of 
potential due to the leads and branches. 

When a dynamo is running lamps in parallel its 
E.M.F. need only be high enough to run one lamp, 
with the usual allowance for resistance of leads. But 
its out-put of current must then be in proportion to the 
number of lamps ; if one lamp takes a current of 10 
ampferes, and there are 20 lamps, the current must be 
at least 200 amperes. 

The Series method of running is more economical. 

Arc lamps are in use — e.g., Siemens' differential j 
the Brokie-Pell — capable of giving a steady light with 
a current of only 4J amperes, in series. These are 
chiefly employed for indoor lighting. The minimura 
E.M.F. to secure a clear arc is probably 30 volts — 
e.g., the carbons will not separate, and produce the. 
true arc with less. 

Regulation 'vhen running Arc Lamps in Series. — An 
amperemeter is always placed upon the circuit near 
to the dynamo, so that the attendant can see at a 
glance the current flowing. He is chiefly concerned 
in keeping the current constant. This is frequently 
done by switching in more or less resistance ; inttf' 
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the main circuit, if the dynamo be a series-wound one, 
and into the field magnet circuit if it be a shunt- 
wound machine; but the shunt or compound wound 
machines are not supposed to regulate themselves 
when working upon arc circuits. Changing the speed 
of the engine is more generally applicable to the regu- 
lation of constant potential circuits. There are several 
automatic constant current regulators in use, more or 
less efficient. 

Regulation when running Arc Lamps in Parallel. — 
A voltmeter showing the volts is in constant use 
across the leads, and under the eye of the attendant. 
His chief care is to keep the potential difference 
between the leads the same. This is usually effected 
in part by the dynamo itself, when a shunt-wound 
machine is used, or by regulating the speed, which 
has in most cases a direct control over the E.M.F. 

Arc Lamp Trimming. 

Unsteadiness of the light is usually caused by small 
defects that are allowed to develop through the at- 
tendant not understanding his lamps. To work a 
lamp to the best advantage, especially if it be out of 
doors, exposed to wind and rain, calls for some little 
skill and familiarity with the mechanism of the lamp. 

When lamps burn unsatisfactorily, and the cause 
cannot be found in the regulating mechanism, it may 
be due to the carbons used being faulty, or to poor 
insulation of the leading wires, but more frequently to 
the current or pressure (E.M.F.) not being suitable to 
that particular lamp. To obviate this the maker of 
the lamp should always issue with it the necessary 
particulars of pressure and current at which it is in- 
tended to biu:n. But most arc lamps conta-m "«'\'OnTOi | 
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themselves mechanical balances, or" 
other devices to enable the user to 
regulate them for himself, and to 
suit the pressure and current given 
by his dynamo. The carbons used 
must always correspond with the 
current, e.g., thick carbons for a 
large current and thin ones for a 
small current. The length of the 
arc is always regulated to suit the 
pressure. 

Fig. 28 represents the working 
arrangements of the Brockie-PeU 
lamp, and Fig. 29 its external ap- 
pearance, encased ready for work.* 

As an example of the attention 
that must be given to arc lamps to 
run them successfully, we append a 
few working directions applicable 
to the Brockie-Pell Arc Lamp : — 

1. This lamp is regulated for 1 
normal current of — amperes. 

2. The current used must not e 
ceed — . 

3. The current must not be le: 
than — . 

4. To work at the maximum cur*! 
rent ( — amperes) take off the leadl 
weight on top of piston of dash-pot,' 

5. To work with the minimum 
current ( — amperes) fill the hollow 
piston with small .shot. 

6. In fact, to work with sma] 
)!■ defails see p. !i8, "EUcUic Light," 4[h ed. 
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currents, add weight to piston ; to work with krge '■ 
currents subtract weight. 

7. The piston is easily removed by simply unscrew- 
ing the dash-pot from the base-plate of 
the lamp ; the plug at the top of piston 
unscrews, and the shot can then be 
added or taken out. Take care not to 
bend the piston link in unscrewing the 
plug, which may have become set ftibt 
Put no oil on the working pivots or anj 
other part of the lamp. On no account 
■put liquid in the dash-pot ; this should 
be absolutely dry, and will keep m 
good working order for many months , 
when it becomes too stiff simply wipe 
it out ; use no emery or other cleaning 
powder in this or any other part of the 
lamp. 

8. Before inserting new carbons 
always wipe the rack, or sliding-rod 
and guide-rods, with a piece of soft |||:;.) 
leather; attention to this simple rule 
will keep the lamp in good order, 
whilst neglect will probably soon cause 
the rack to stick. 

9. After the lamp is hung up, or iixed 
in position, see that the guide-rods 
have not become twisted ; if they have 
set them perpendicular with the centre- 
rack. 

10. To get the carbons exactly in line, and their I 
points central with each other, insert the top cored I 
carbon first, clamp it in the holder, and then Qb?.<i'rN«i ] 
if the point of the carbon naturally poVivVa \.o ^^ ceviSxS 
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of the lower carbon holder ; if not, unclamp the carbon, ' 
turn it round a little, and try again and again until it 
points fairly toward the centre, then insert the lower 
solid carbon, and adjust its point to the upper. 

11. To secure a good light the distance between 
the carbons when burning should not exceed -^ths 
of an inch, and ^th of an inch is quite enough for a 
lo-amp^re current. 

1 2. The wires from the machines must be connected 
to the terminals of the lamp that the upper, or positive, 
carbon burns hollow and much brighter than the nega- 
tive, or lower, carbon, which, on the other hand, burns 
to a slight point, 

13. The rule is to connect the positive wire of the 
machine to the uninsulated terminal of the lamp. 
Should the carbons burn so that the light is thrown 
upwards, the wires must be reversed at the machine. 
If the lamp goes out and relights itself frequently, 
or a pumping action of the regulator takes place, it is 
a sure sign of the current being too weak, or of the 
machine magnetism being unstable — the lamp will 
never have this pumping action unless the current is 
at fault. 

14. Should the lamp short-circuit itself by means of 
its automatic cut-out, the hand-switch must be used 
for relighting the lamp, unless it relights automati- 
cally. ^ 

15. The electromotive force necessaryfor each lam^M 
when in series is about 45 volts; if the lamps are^^ 
worked in parallel the electromotive force must be at 
least 55 volts, and a resistance must be placed in each 
lamp circuit to reduce the current in the lamp to what 

is required. 

16. For parallel working on a — volt circuit thi^H 



lamp requires — ohms resistance in scries with the 
lamp. 

Adjustment of Brush System Lamp. — The treat- 
ment of arc lamps in which glycerine is used, in either 
dash-pot or carbon-holder rods, or in both, is rather 
different from the foregoing. The "dash-pot" in an 
arc lamp is simply a small cylinder, fitted with a piston 
and piston rod, the function of which is to prevent 
jerky or sudden descent of the carbon rod. In many 
lamps merely the piston, acting upon the air within 
the cylinder, is employed. In others glycerine, or a 
mixture of glycerine and water, is used to modify the 
movements. In the Brush lamp the dash-pot has to 
be unhooked from the armature and unpinned at the 
top, and then half filled with a mixture of three parts 
of glycerine and one of water. There is an air-hole in 
the top which must be kept clear. In replacing the 
dash-pot it must be so adjusted in its position that 
when raised to its highest point it is quite free from 
binding. The pin which secures the upper end of the 
piston rod must pass easily into its place, and must 
not bind in the hole in the rod itself The piston 
rod must pass quite freely through the cover of the 
cylinder. 

The brass carbon rods are tubes which carry tha 
upper carbons (in twin-carbon lamps) and are the 
most important parts of the lamps as regards cleanli- 
ness, the perfect working of the lamp depending upon 
the regularity with which they feed the carbons. 
They may work irregularly through any foreign 
matter being attached to them — oxidation, or gummed 
oil. The fault may be in the bushes through which 
they pass, or in the lilting washers or rings which 
raise them, or in the pistons \nitl\\ii Vaem. -wVvOtv^ 
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govern their fall, and prevent it from being 
rapid. 

In cleaning carbon-holder rods in arc lamps any 
polishing powder, as bath brick or emery, must never 
be used. This rule will be found to apply to all these 
lamps, embracing most of the successful ones, in which 
the feeding is done on the upper carbon rod, or in 
which that rod depends for its centricity upon its 
fitting its bushes perfectly. 

The brass rods are merely wiped until bright with 
a piece of wash-leather and afterward polished dry. 
Oil IS seldom or neuer used to lubricate the rods, and 
most arc lamps will be thrown out of action if oiled at 
all. It will be found to clog the action and to impede 
the flow of the current to the rods, and it will get 
carbonised by the heat and dried up by the heated 
air. If oil be used a-good deal of trouble is in store 
for the attendant upon arc lamps. These remarks 
apply more particularly to the brass carbon rods, al- 
though they are generally true of the other working 
parts. The interior of the carbon rods in Crush's 
lamp is usually cleaned by a kind of ram-rod, using 
upon its end a plug of tow or cotton. If the interior 
has become gummy through the glycerine thickening, 
boiling water may be used to clear out the tube. In 
cleanine the brass carbon rods of lamps it is neces-, 
sary to handle them so that there is no risk of bending 
or scratching. In the carbon rods to which these in- 
structions apply a mixture of glycerine and water, as 
in the dash-pot, is used, the rod being filled when the 
piston is at the bottom. If the carbon rod on the 
positive side is correctly adjusted, it will gradually 
descend from top to bottom in the space of thr&9. 
mmuXes The other rod takes a little longer. If thwj 
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rods descend too slowly the viscosity of the glycerine 
is too great and more water must be used. If too fast 
more glycerine must be added. The rods in this and 
every other arc lamp must work quite smoothly and 
have no tendency to "stick." In frosty weather it 
may be advisable, to prevent freezing, to add a little 
pure alcohol to the glycerine mixture. As received 
from the makers the carbon rods are usually filled 
with glycerine and ready for working, save that the 
plug screwed into the top, to prevent escape of the 
glycerine, has to be removed in order to allow of the 
plunger-rod being raised, so that it may be hooked on 
to its support in the chimney cap. The cap of the 
reservoir is not removed save when it is required to 
clean the latter. 

Fresh carbons are usually 12 in. in length. The 
upper rod is to be passed into its socket as far up as 
possible, and the lower carbon adjusted centrally to 
it, so that there is a space of at least \ in. between the 
two carbons. If the carbons are of equal diameters, as 
they usually are, the bottom one will have a length of 
6 in, only — the top carbon burns away twice as fast 
as the bottom. The proportions in length must be 
carefully observed, for if top carbons are too short in 
proportion to bottom carbons, the top will be burned 
away too soon, and fusing of its holder wiU probably 
ensue. The carbons must always be centrally in line 
with each other. 

Whenever it is necessary to put carbons in a lamp, or to 
adjust the lamp in any way, or to handle it for any pur- 
pose, the switch must first be used so as to turn the current 
off that lamp. 

If the lamp fails to light up on turning oa t"a-ttsi-^\., 
so that tJie carbons are toucliiiig caOa o'Oft&t — •Osve^ 
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must touch until the current begins to raise the upper 
carbon, on the establishment of the arc. If the auto- 
matic cut-out comes into play without apparent cause, 
examine the lamp to see whether the carbons are used 
up, or there is any obstruction to the free movement 
of the carbon rod. 

WAen the arc is too long, it will look particularly 
blue, and have a flaming, unsteady appearance, with 
dullness — this shows want of proper balance in the 
parts, and they should be so adjusted as to givs 
greater weight to the upper carbon, so that the raising 
solinoid will not have so much influence upon it. 

When the arc is too short it will generally emit a 
hissing noise, indicating too high a temperature of 
the arc, and the light will be dull, chiefly through ob- 
struction of the downward rays from the upper carbon 
crater. This can be remedied by so balancing the 
carbon rod that the solinoid will exert an increased 
lifting effect upon it. This adjustment, for both long 
and short arc, is efiected in the Brush lamp by a steel- 
adjusting spring, which can be set at any desired 
position. 

Arc lamps working upon alternating-current circuits 
must have careful adjustment for periodicity or phase 
of the alternating- current dynamo. 

Focussing arc lamps are generally fed with an upper 
carbon twice as /hick us the lower. This is especially 
the case in such a lamp as the Brockie-Pell, when 
made focussing. The lower carbon in this case is 
raised by means of cord communicators by the 
descent of the upper carbon. Both carbons must thus 
be of the same length, the difference in thickness 
being due to the positive (upper) carbon burning 
airay the faster. 
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ARC AND INCANDESCENT lAilPS. 

The diameters of ordinary carbons for general light- 
ing, with lamps taking about lo amperes at 45 volts, 
are from fths to |ths in. These are lamps producing 
short arcs. For longer arc lamps, taking from 5 to 8 
amperes at an E.M.F, somewhat higher, smaller 
carbons are used. 

Arc Lamps in Series, with Incandescent Lamps in 
Parallel. — This system is in use in a few places of 
business, and even in street lighting, but it has proved 
itself one of the most troublesome systems yet tried. 
It is almost impossible to prevent the fluctuation of 
the arc lamps from influencing the incandescent 
lamps. This implies short life to the latter. More- 
over, very few arc lamps can be thus inserted in a cir- 
cuit. Suppose the pressure to be 100 volts, only three, 
at most, arc lamps could be run in such a circuit. The 
supposed economy of the system has led electricians 
to devote a good deal of time and thought to the sub- 
ject. There are other fundamental defects in the 
system which cannot be entered upon here. 

The most successful method of wedding the arc 
with the incandescent lamp is no doubt the ordinary 
parallel system, with not more than two incandescent 
lamps in series parallel. Each arc lamp to be in 
parallel singly. It appears at first the more expen- 
sive, but that is a question that can only be answered 
by practical trial. The young electrician, in planning 
for the running of arc lamps in parallel with incan- 
descent lamps, must not forget that while his glow- 
lamps may at most only need an ampfere each, the 
arc lamps will require a minimum of 5 amperes each 
— all of which considerations must be arranged for in 
the leading wires. ~ 



Arc Lighting Circuits. 

Running Leads, — The simplest case in which leads 
can be run is that in which a dynamo machine on the 
ground is to be connected to a lamp elevated on a 
pole. It is, indeed, only a few years since — about 
1880 — that this was the only way to produce an arc 
light ; each lamp had its own dynamo and pair of 
leads. But, as we have observed, improvements in 
the lamps and machines have put it in the power of 
the electrician to run as many as fifty arc lamps in 
series upon a single machine, or as many as he can 
find current for in parallel across the leads. 

As may be expected, the insertion of a number of 
lamps upon the wires of a single dynamo, either in 
series or parallel, opens up practical questions of 
some little difficulty, and a great deal of trouble was 
encountered by the earlier experimenters in this 
direction. But most of the problems have been 
solved in the only satisfactory way — that of practical 
working, and the multiple series and multiple arc 
systems are now both pronounced successes. 

The leading wires or cables are usually of copper, 
although iron has been used in some cases for high- 
tension working. Tliey are almost invariably in- 
sulated, either practically or in name only. A pro- 
perly insulated lead or cable will first be of tinned 
copper, covered by a sheath of pure india-rubber; 
then covered by a wrapping of indta-ruhber prepared 
tape, and, iinally, a wrapping of tar-ilax. The in- 
sulation may be carried much further than this, but, in 
either case, the wires so treated may be called insu- 
lated wires. The covered wires are merely covered, 
not insulated. They are usually of bare copper, with 
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a wrapping of cotton tape, previously prepared by 
passing it through some insulating liquid compound. 

It will be convenient to distinguish between the 
ivo by calling the india-rubber covered wire insulated 
h id, and the cotton-covered wire covered lead only. 

Technically, a wire lead is a single wire conductor. 
A cable lead is a conductor formed of several stranded 
wires, known respectively as wires or cables. 

Insulation resistance is a point of much importance. 
It is usually expressed in terms of the meg-ohm 
{1,000,000 ohms) per mile. In tables the meg-ohm is 
frequently represented by the Greek letter £l. The 
insulation may vary from 150 meg-ohms for ordinary- 
insulated cable to 3000 meg-ohms for heavily-insu- 
lated and vulcanised cable. For low tensirfn work, 
to be lined on insulators, the covering insulation is 
usually neglected, or naked wire only is used. For 
work of low tension, not lined on insulators, but 
merely laid in wooden channels, &c., the insulation 
giving 150 meg-ohms is generally considered safe. 

For high tension work, not lined on insulators, the 
vulcanised rubber -covered cables are usually em- 
ployed, giving 5000 meg-ohms insulation resistance 
per mile. 

Mechanical protection is imparted to cables by 
hemp wrapping, wire braiding, or lead covering. 

For outdoor arc lighting work cables are used in 
preference to wires. A wire above No. 8 gauge is 
stiff and difficult to handle. A stranded cable of the 
same capacity is much more flexible. 

The legal gauge is now the recognised standard 
of measurement of wires in this country. It is very 
similar to the old Birmingham wire gauge, but ia 
more complete, and affords a wider range. 
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In selecting the size of a cable consideration must 
be given first to the tension that is going to be mi 
tained in the circuit. The size of the cable will 
depend more upon this than upon any other considera- 
tion. Let us take two opposite and extreme cases : — ■ 
(i) For a single lamp, run by a small dynamo, giving 
about 15 amperes at 50 volts, the usual size of cable 
employed in practical work is composed of seven 
No. 20 wires ; when the distance between the machine 
and lamp does not exceed 500 yards, or a total length 
of circuit of looo yards. Such a cable has a resist- 
ance of 6'i75 ohms per mile. But the same cable 
will feed several lamps, if the electrical pressure in 
circuit be raised in proportion to the number of lamps. 
(2) Forty lamps are fed by a Brush dynamo through 
a cable composed of seven No. 16 wires, over a total 
length of a mile. The volts that can be afforded as 
loss in the cable will always determine its size. It 
is a question of cost of power and cost of cable. 
Theoretically, the larger the cable the better. 

The standards in the following table have been 
adopted by the India Rubber and Telegraph Works 
Company, whose cables are specially prepared to suit 
the various requirements of electric lighting work. 
The insulation consists of several classes, ranging 
within the insulation resistances per mile already 
mentioned. For all arc-lighting work in the neigh- 
bourhood of buildings, where the wire is apt to be 
handled, or to touch conductors, the cables should be 
insulated, whether run upon porcelain insulators or not. 

Ground leakage is the most troublesome opposing 
factor in the work of running an insulated arc lead for 
high tension. It can only be obviated by good in- 
sulation, either upon the cable itself or in the form (rf' 
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porcelain cups. Next to ground leakage, t 
oi" slwrt-cirt'uittng is doubtless the most i 
This latter is dajigerous in two ways. Within a 
building a shorl circuit may cause afire, by establishing 
an electric arc, or by heating a wire red hot near to 
woodwork. Outdoors it may bum up the armature 
of the dynamo and destroy the instruments. It may 
be remarked, in passing, that the use of special gear, 
flanges, &c., for the purpose of keeping a belt from 
slipping off a dynamo pulley is not advisable in all 
classes of work. The slipping of the belt frequentl) 
saves the dynamo from destruction when a heavy load 
is thrown upon it by accidental short-circuiting. A 
short circuit is got when the naked leads touch each 
other. It more generally happens through both leads 
getting into conductive contact with metallic sub- 
stances, as girders or gas pipes. Ground leakage is 
generally due to wet or moisture conducting the 
current to earth. If the dynamo be well insulated, 
the tendency to ground leakage will not be so 
marked. The insulation of an outdoor line is gener- ' 
ally good in dry or frosty weather, and is more likelyB 
to become faulty in wet and stormy weather. ™ 

Daviages by lightning cause a great deal of trouble. 
During a thunderstorm outdoor leads generally give 
some indication of it in the dynamo room, and flashes 
will frequently be seen playing about the switch 
boards. This is usually obviated by a device called a 
lightning arrester or protector. It consists in many 
cases of two serrated plates {toothed plates are still 
more efficient) connected to the positive and negative 
leads, and so adjusted in a frame as to be face to face 
with a copper plate connected to a good earth plat^ 
or other earth connection between them, very cIos^bT 
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together, without touching. The tendency of lightning 
is to readily discharge itself from foiiils and riJgcs ! 
across the shortest gap to earth. Fusion of armature 
coils is the usual result of a lightning discharge 
passing into the line and not finding " ground." 
Lightning arresters should be frequently examined, 
because they may be disabled by coming into use 
unknown to the at- 
tendant, or the ser- 
rated and earth plates 
may even be fused 
together. 

The well-known 
fact that a magnet 
will repel an arc from 
between its poles is 
the principle of the 
improved lightning 
protector used by the 
Thomson-Houston 
Company. The ap- 
paratus is repre- 
sented in Fig. 30, and 
consists of a power- 
ful electro magnet, 
the field of which is 

occupied by two metallic horns. A lightning stroke 
passing over the line to machine is magnetically 
blown out at this point and diverted to earth. 

The use of lightning arresters is now considered 1 
essential in connection with all outdoor arc lighting 
lines. 

Pole and Wall Insulators for the support of the 
! leading wires are almost invariably oi ipoiceXaJm.. 1c qt | 




out-of-door work, especially where good insulation is 
desirable, as when high-pressure currents are carried, 
Johnston & Phillips's fluid insulator, of the cup type, 
has proved itself one of the most efficient yet tried. 
The insulator contains (Fig. 31) a small annular cup- 
space, containing a little resin oil, which adds enor- 
mously to the insu- 
lating power of the 
support. The insu- 
lators are filled with 
a little syphon (Fig. 
32}. For very high 
tension work the in- 
sulator is made with 
two spaces for the 
insulating oil (Fig. 
33)- 

Heavy arc light- 
ing leads are usually 
supported by inde- 
pendent insulators 
at each pole, the 
cable being severed, 
and, after being se- 
curely shackled off, 
reconnected electri- 
cally by a loop. In 
addition to these 
precautions, heavy leads — as main leads — are some- 
times borne upon a steel rope. 

This particular kind of work, known as " overhead^ 
line running," in which both earth and housetcq 
poles are used, scarcely comes within the scope 4 
our pages. We can only point out the more i 
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portant precautions to be taken in running leads for 
house lighting, and perhaps indicate the nature of , 
the insulators and other adjuncts employed. 

Naked leads must in every case be carried upon 
insulators. They must not be hung so near to each 
other that by any accident they may come into 
contact. A space of nine inches is the usual minimum 
between them. The authorities of towns will not 
I usually allow such leads to be carried across streets. 
In such case an insulating covering is always required, 
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Naked wires of any kind should never be carried 

indoors, or near to any inflammable substance. 

Lightly insulated leads should be carried upon insu- 

[ lators. They are not quite safe when laid in wooden 

I troughs, especially where there is any danger of the 

covering being abraded. If such a lead were to get a 

good chance of contact to earth a very little pressure 

' or attrition would cause a short circuit. 

Properly insulated leads should be carried upon 
[ insulators, if practicable, outdoors. Indoors such 
f be laid in wooden troughs, run under 
g flooring, and so forth, but should be kept 
I away irom damp walls or iron piping. T\\e, iX.^^a.'Q.'ia J 
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between them if carried in cleats should never be 
less than 3 inches. Most fire-offices insist upon a 
greater separation. The rules recommended by the 
Institute of Electrical Engineers, given at p. 212, 
should be referred to on this point. 

Heavily-insulated leads may practically be laid any- 
where, so long as they are protected from mechanical 
injury. They are frequently laid in wet trenches 
(some well-insulated cables are best laid in water) 
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and may be carried upon damp walls. The mechani- 
cally protected leads, having a wrapping of heavy 
tape over all, or an armour of steel wires, or a casing 
of lead, are adapted for main lead work, where large 
currents are carried. 

Danger due lo Metallic Arviour. — It may be pointed 
out that leading cables provided with metallic armour 
are frequently a source of danger, through the addi- 
tional risk of connection between core and sheath- 
ing, as it will be discerned that such a contingency is 
quite equivalent to uninsiilating the whole cable. 

When a branch is taken off through a wall into a 
house the aperture must be made in the wall above 
the terminal insulator. A porcelain wall conduit-tube, 
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I^'gs. 34, 35, which represent the coiiduit in section 
and front elevation, and furnished with the fluid in- 
sulator, must be used in passing the lead through 
the wall. If there are two leads the pair must not 
pass through one tube, unless it be divided by an 
insulating partition. The wire is carried upwards to 
prevent rain and wet from following the surface into 
the wall. 

The apertures in partitions and interior walls must 
in every case be lined with either porcelain tubing or 
vulcanised rubber. 

In high-tension arc lighting within mills, stores, 
and so forth, the lead should always be exposed to 
view, and run upon insulators several — many offices 
insist upon 1 2 — inches apart. If a wire must be con- 
cealed it must be heavily insulated at that point. 

In low-tension working, as when the arc lamps are 
run in parallel with a pressure not exceeding 50 volts, 
the leacJs, if well insulated, may be run upon wood- 
work and fastened by wood cleats or leather loops. 

The making oi joints and splices will be found more 
particularly described in Chapter V., p. igo. Joints 
must be good mechanically, so that their breaking 
strain is greater than that of the wire.* They must 
be made good electrically by soldering. Every joint 
must be heavily insulated after it is complete by a 
wrapping of prepared tape. 

Planning a System of Mains and Feeders. — An ad- 
mirable system of preliminary planning in getting 
out a network of main leads, with the necessary 
feeders for keeping the potential equal at all points, 
comes from Berlin. The German Edison Company 
take a large frame or table, and make a clear glan. 

• The ordinary (elegraphic meclianicjl tenaicn-Tesi&VKi^ yiviiVa 11c tli; 
desciibedafj'.jor of "Electric Light," 4II1 ed. 




thereon of the streets, buildings, &c., to be covered by 
the system. The location of the central station is 
then marked, and two wires from a small battery run 
to it to represent the electric supply. From this point 
the main leads are all laid down in miniature, along 
the plan of the streets, and each group of lamps is 
represented by a wire resistance. Current is kept 
upon the system, and the drop of potential at each 
point carefully noted by galvanometer. Feeders are 
then run to equalise the potential, and by means of 
careful measurement every detail of the system can 
thus be ascertained. The model network is kept at 
hand, and as any alterations are required in the real 
net-work they are first made upon the model. This is 
of course much better than any possible paper-and- 
ink system of planning. 

English engineers generally get out their plans upon 
paper, marking off the lengths of cable and location of 
lamps, and calculating the carrying capacity of the 
main leads upon the basis of looo ampferes per square 
inch sectional area of leading wire. These systems 
have, however, more particular reference to incandes- 
cent lighting, and the reader is referred to Chapter V. 
for rules and tables from which can be ascertained 
the best size of conductors to employ for any parti- 
cular installation, or number of lamps, at various dis- 
tances, with various losses upon resistance. B 

Transformers or Converters. ^M 

The fundamental conception of the modem trans- 
formers is represented diagram at ioally in Fig. 36, 
where d is a dynamo, in whose circuit the primary 
coil P is placed. The electromotive force in thi8_^ 
circuit is supposed to be high, say 
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represents a secondfiry coil wound in contiguity to I 
but insulated therefrom and in no way communica- 1 
ting except by induction. In the circuit of S are the 1 
lamps, arranged in the usual parallel way. The dia- 




Fig. 36,— Diagram oETransfomier. 

gram shows two lamps in series, P s is then the 
transformer, the function of which is to convert the - 
1000 volt E M F to, say, 100 volts. In a practical 
transformer a core system of soft iron would occupy 

ro-i 




Fig. 37.-CIagram of Ttinsfonners in Smiea. 

the centre of the two coils. In Fig. 37, where the 
transfonner is symbolised by an iron bar with pri- 
mary and secondary coils, the conception of running 
converters in series is represented, each transformer 
feeding its own lamps. 
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The Working of Transformers. — Transformers are I 
run upon alternating current circuits. Their employ- 
ment is essential when a high electromotive force is 
put upon the main leads. The common voltage of the 
alternating currents is seldom less than looo. For 
use within buildings, or for arc lights, this pressure 
is reduced by a transformer to 50 or loo volts, as the 
case may require. In practice engineers always em- 
ploy as small a transformer as possible. The use of a 
transformer that is too large causes great waste of 
power. For this reason transformers are now made 
in many sizes, to feed from 10 to 100 lamps. ■ 

The construction of the transformer or converter | 
cannot be treated in these pages ; it is amply dealt 
with in descriptive works on electric lighting. Fig. 
38, however, represents the external appearance of a 
Thorns on -Houston transformer, where the heavily- 
insulated cables represent the high tension primary . 
coil, and the lightly-insulated wires the 100 volt J 
house circuit. 

The nature of the induction coil is too well known I 
to call for any description here. A transformer is a I 
slightly improved induction coil, built to take a large \ 
current, and in a compact form. The make-and- 
break contact and the condenser of the inductorium ] 
are absent from the transformer, since alternating 
currents are used in the primary, 

Arc and incandescent lamps are frequently run off I 
the same transformer. In some cases two arc lamps 
are inserted in series across the mains. This sys- 
tem is bad and troublesome. The lamps will prob- 
ably be unsteady, and if one goes out the other 
must follow. One lamp across the mains, steadied 
by an impedance coil, will be found mucb ^os^a 
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satisfactory. Before proceeding, let us examine the 
nature of 

Impedance and Choking Coils. — Choking coils are 
used in connection with alternating currents, and 
consist of inductive resistances in the shape of coils of 
closely-wound copper-wire, the effect being much 
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increased by the presence of iron within the coil, and 
greatest when that iron forms a short, closed magnetic 
circuit. The object of such a coil is to obstruct or 
choke any initial E M F without the loss of power which 
an ordinary resistance would entail ; and in connec- 
tion witli jiltemating arc lamps choking cqvIs. ax^ "CTi:" ] 
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ployed exactly as resistances are used when running' 
lamps in parallel; with this advantage, that, if well 
constructed, a much smaller loss of energy takes 
place ; moreover, should the lamp get short circuited, 
the consequent increase of current is much less than if 
the ordinary resistance is employed, as the self induc- 
tion of the coil increases with the current, and so 
retards or obstructs the e m f, and therefore the 
current does not rise so high, 
, Such coils are usually too bulky to be placed in the 
lamp itself, and are placed in any convenient part of 
the circuit, 

The higher the periodicity the smaller the coil may 
be made, so much so that at every high periodicity the 
coils of the lamp itself may form an inductive resist- 
ance sufficient to enable the lamps to be worked in 
parallel without any other outside resistance. 

Impedance coils are generally considered identical 
with choking coils, simply a difference of name, but 
the term would be more suitable for the inductive 
resistance sometimes used in running arc lamps in 
parallel on continuous current circuits. The chief 
advantage of such coils is to prevent the great de- 
velopment of current in an arc circuit at the moment 
of completing it, thus preventing the violent action of 
the regulating mechanism of the lamp, and which 
causes much of the pumping of arc lamps when 
worked in parallel. 

The resistance in ohms of a fairly constructed 
choking coil would be about one-twentieth of an 
ordinary resistance having the same reducing result 
of current, with a given E M f ; but a much wider. 
difference can be obtained if the magnetic circuit is 
made very low, or the periodicity very high. 
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If the loo-volt pressure, usual in this country, bel 
employed, a "choking coil" will have to be inserted 
in that bridging wire to feed the lamp at the proper 
pressure. It is a very general practice on constant 
current parallel circuits to use a "choking coil," even 
with single lamps, across the leads. Tlie resistance 
due to the choking or impedance coil generally causes 
a damming back of from lo to 15 volts in the pressure. 
Although better results are thus obtained than by 
merely inserting the lamp alone, it leads to consider- 
able waste where a number of arcs are burned upon a 
circuit. One great advantage of the alternating cur- 
rent is the avoidance of much of this loss. When 
arcs are used the lamps can in most cases, on 50-volt 
circuits, be inserted direct along with a small impe- 
dance coil. On a lOo-volt circuit a loss by the reason 
of " choking coil " is inevitable, but an impedance coil 
fortunately uses much less energy than a resistance. 

The following are the resistances of the coils used 
with the Brockie-Pell arc lamps for parallel working : 
In constant circuits ^, i, ij, and 2 ohms, mounted in 
a frame or cylindrical case, the various resistances 
being adapted to various pressures. Impedance coils 
for alternating current working are adjusted on the 
spot until the necessary steadying effect is obtained. 
They are usually fitted in a separate case near to the 
lamp. We understand that Mr. Brockie is sanguine 
of being able to so arrange the circuits of his lamp as 
to obviate the necessity for the employment of im- 
pedance coils. 

While 50 volts is usually called for by an arc lamp 
upon a constant current circuit, from 35 to 45 volts is 
found to give an equally satisfactory arc upon alter- 
bating current < 
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'^Singing" of {he AUernating ^rc— Alternating 
current arc lamps usually emit a humming noise, 
rendering them unfit for indoor lighting, unless in a 
very wide and high space. 

It may be worth while to note that the alternating 
current arc, since it does not produce a crater in 
the top carbon, casting the light powerfully down- 
wards, always needs to be covered by a superior re- 
flector. 

Location of Transformer. — Where it is at all prac- 
ticable the transformer should be kept outside a 
building, but must be protected from wet or damp. 
It should be fixed in a fire-proof place. It may be 
explained to those not familiar with transformers that 
they are usually rather dangerous pieces of apparatus, 
from two causes. They are always used where very 
high-tension currents are employed, and form a kind 
of terminus to those currents fi-om the generating 
station. Hence a transformer should not be handled 
by an inexperienced person. In addition to this 
transformers always become warm, and sometimes 
hot, by reason of the continuous reversals of current 
through them, or to what theorists have called " mag- 
netic hysteresis." This heat should not rise above 
150° F., but it sometimes, owing to faulty construction 
or other defect, rises much higher, and the transformer 
may possibly get hot enough to char dry wood. In 
addition to these undesirable attributes a transformer 
frequently emits a singing noise, or is seldom or never 
quite silent when the current is on. 

Transformers are usually placed in cellars, through 
the want of any accommodation elsewhere. In such 
cases they should be mounted upon iron brackets, at 
a distance of not less than 12 inches from any wait,. 
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and as far as possible from any inflammable sub- 
stance. The terminals and high-tension wires should 
be guarded from any accidental personal contact. In 
the case of the transformer being supplied from street 
mains, a double cut-out switch should always be 
located outside the building as well as within, for use 
in case of fire or other contingency, 

A new transformer that will not act will probably 
be found to be damp. The most ready means of 
drying is to pass a pretty strong current through it 
for some hours. It is usual to connect the framework 
and all the iron portions to earth. This precaution 
will earth any leakage from coils to core, and render 
the transformer comparatively safe when touched by 
the hand. In some instances iron cases, providing 
ample room, are furnished for transformers, especially 
for outdoor work. 

In America it is common to see the transformer 
belonging to a building fixed upon the street line 
wire pole opposite. 

Transformers in Parallel and Series. — For parallel 
working of the transformers pressure must be kept 
constant in the primary wire. It is very unusual 
to put more than one transformer across the mains. 
For series working the current must be maintained 
uniform. 

In practice it is found that in series working it is 
not advisable to leave the secondary circuit open. It 
is therefore a general practice to short-circuit it when 
idle. Series working is rather rare. On the other 
hand the secondary should never be short-circuited in 
parallel working. It is generally open-circuited by 
the simple operation of switching off the lamps. 

The usual loss of pressure in a Kou?)e ^xa-'n^loivwetNa 
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very generally as high as 23 per cent, of the pressure 
supplied to the house circuits. It depends, however, 
upon the efficiency of the transformer. Some trans- 
formers exhibit an efficiency as high as 95 per cent., 
others as low as 50 per cent. 

Main Safety Fuses for Transformers. — A double 
fuse capable of carrying the full current supplying the 
transformer is inserted in the branch leading from the 
mains to the house. In addition to this it is usual to 
put the secondary circuit to earth. Any accidental 
contact, then, between primary and secondary would 
not convey the high pressure current into the house 
wires. The short circuit so formed would fuse the cut- 
out and stop the supply. This is considered a perfectly 
safe plan. 

Necessity of opening Primary Circuit when Lamps are 
idle. — Recent experience has shown that a good deal 
of loss is incurred by the generating station on ac- 
coiuit of transformers left in parallel across the mains 
during the hours of idleness. It would be similar to 
a leakage of gas from a gasmeter if the service cock 
were not turned off during the day. Owing to this 
there is a very general movement towards getting into 
working form a system of opening the main cir- 
cuit to a house when the lamps are switched off. It 
may, of course, be effected by an automatic switch, but 
it is far more likely that a hand switch will prove the 
more reliable. The electricity user will be expected 
to do this for himself, and will no doubt attend to it, 
if the supply meter be upon the primary circuit of ths 
transformer. 

Meters for Recording Electricity Supply. — ^The use of ' 
meters is now general. The construction of each kind 
may be studied in a work descriptive of such appara- 
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tus, and does not concern us here. The electricity 
meter is usually fixed near to the transformer, when 
a transformer is used. It is merely put in circuit; 
or — on the three-wire system, when Edison's three- 
wire meter is used — in circuit of the three wires. 
The use and " reading " of each meter calls for 
a special description, which generally accompanies 
the instrument, and cannot be treated in these pages. 
'■■Station meters" are recorders of a larger kind, 
for indicating the total current passing out of a supply 
station ; or each main may have its own indicator. 
The station meter is a check upon a large number of 
house recorders. In connecting meters the leading 
wires should not be carried around them [so as to 
encircle the meter), or in any way so disposed that 
any inductive effect may disturb the working of the 
meter. 

House Main Switch-hoard. — In addition to the 
various hand switches, fitted to, or in connection with, 
single lamps, or groups of lamps, it is convenient 
to provide main switches for controlling each cir- 
cuit. The "main leads" terminate here — that is the 
leads either from a transformer or from the street 
mains direct. The several circuits are so arranged 
that all their positive and negative wires may be put 
in contact with the positive and negative poles of the 
leads, so as to distribute the current between them. 
Any circuit not in use may then be switched off. 
Double-pole switches should, if possible, be used. By 
means of this method of working any danger from 
idle circuits is obviated. Such a switch-board in a 
theatre is in constant use during the performance. In 
small installations, where the number of lamps does 
not exceed £0, such a sw\tcU-\ioati "wV^ -cmX ' 
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required unless the 50 lamps be put upon more tha^B 
one circuit, an unusual and unnecessary practice^! 
Considered electrically. The conveniences of su(il| 




a system ot switching; are in many cases very con- ] 
Biderable. 

Dynamo-Room Sioifchboard. — Most of the private ] 
installations fitted up in banks and offices — as at thft | 
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Bank of England — are provided with accumulators. 
For the regulating of such plants Messrs. Drake and 
Gorham have designed the form of switchboard 
represented in Fig. 39, which is fitted with a " Steel- 
yard" ampfere meter, and Ring contact switches 
(see p. 151) for controlling the number of cells in 
action. The diagram is self-explanatory. 




WIRmO FOR INCANDESCENT LAMPS. 

When a building is to be wired for incandescent 
lighting several leading questions arise, (i) The 
number of lights required ; (2) the power of the lamps, 
8, 10, 16, or 20 candle power, as the case may be; {3) 
the number of circuits required — when there is not 
more than 50 lamps one circuit may be made to serve, 
unless more than one is desired by the owner of the 
building for convenience in switching off; (4) the 
volts [e.g; electrical pressure) required to run the 
lamps; {5) the amperes (current) to be consumed by 
the lamps ; (6) the lengths of the wires, their sizes, re- 
sistances, &c. ; (7) the volts to be "lost in the wires" 
(fall of potential due to the resistance of the wires). 

The answers to these questions will not be invariably 
the same. They will depend upon some of the following 
conditions ; — 

Whether the lights are to be run off a private J 
djmamo, selected for the purpose, with or without an J 
accumulator. 

Whether they are to be run off street mains kept 1 
charged by a public supply company. 

It may also modify the case whether continuous or I 
alternating currents are employed. 

The use of arc lamps, as in a shop, where the inte- J 
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rior is lighted by incandescence and the outside by a 
few arc lamps, may also have to be provided for. 

Private house wiring calls for the minimum of pre- 
liminary calculation, shops and offices for greater 
care, whilst theatre lighting is perhaps the most 
difficult of any to scheme. 

The practical carrying out of the wiring itself is 
only to be effected upon one plan, as regards quality 
of the work, that is, the best possible method accord- 
ing to present knowledge. 

The number of lights will be approximately as the 
number of gas jets of i6 candle gas that would be 
required, and should in every case be ample for the 
purpose. 

The System of Wiring. 

Parallel, or '^Multiple Arc"— A. great deal of the" 
best lighting in this country has been carried out upon 
the parallel system. It is very convenient. It is 
easily understood, and it is a very safe system. 

The simplest idea of the parallel system that can be 
given is represented in Fig. 40, where D is a dynamo, 



1 




I 



Fig. 10.— Diagram of llie Fuallel Syiten. 

or Other electric source (it may be the mains from a 
lighting station or an accumulator). Two wires are 
led from the + ^nd — (positive and negative) poles. 
They are kept apart, and are insulated. The lam^s 
to be fed are then connected to fVve ma:m?>'«v'<>i\\oa*.- 
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lated wires, as shown. The current divides itself 
between the lamps, lighting each and every lamp 
with equal effect. But if too many lamps are put 
across the mains a fault will soon be apparent. Those 
near to the dynamo will get too much electricity, and 
those at the far end too little. The lamps nearest to 
the dynamo will thus be abnormally bright, and will, 
soon be worn out, while the distant lamps will have 
the appearance described as similar to a "red-hot 
hair-pin," giving insufficient light. 

This falling-off in the light given by the distant 
lamps will only be felt if the two main wires are very 
long. In practice the two main wires would not be 
connected to the dynamo as shown unless a few lamps 
only were to be run from them. If there were _^/ty 
lamps upon the wires, arranged as shown in the dia- 
gram, the distant lamps would certainly not be so 
bright as the nearer lamps. If there were lOO lamps 
the far lamps would be very indifferently lighted, and 
in this way the force would be drawn away from the 
mains until a point would be reached at which little 
or no electricity would be present to cross from one 
main to the other. This defect would be obviated by 
connecting the dynamo to the central portion of the 
wires, not to their ends. If 20 lamps could be run 
off a pair of mains, as represented in the diagram, 
40 could be lighted equally well by simply discon- 
necting the dynamo from the extremities, and con- 
necting it to any point near the middle of the line 
of lamps. 

If there were still a larger number of lamps, and 
the distant lights showed insuf&cient current, branch 
leading wires from the mains or feeders would be 
led, as represented in Fig. 41, which is the distributing 
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system first introduced by Mr. Edison. In this way 
every lamp will burn equally bright. If even half the 
lamps be turned out the other half will not perceptibly 
brighten up. The turning off of any lamp will not 
affect the lights in the next room. The question of 
street mains and feeders does not concern us here, 
but it may be as well to bear in mind that the distri- 

Ibution of electricity within a building is dependent 
upon precisely the same conditions. Although mains 
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axii. feeders, as such, may not have to be arranged for, 
yet the electrical "pressure"" must be effectually 
equalised. 

Fall of Potential or " Pressure''— 'L&t us examine 

" % little further. It is a well-known fact that if 

;wo mains led from the poles of a dynamo, as in 

diagram (Fig. 40), be very long, the electrical 

essure between them will fall off in proportion to 

" The word pressure is not slriclly correct as applied lo clectricily, but 
\a many practical electrici.ins (many of Ihem well-known authorities) use H 
and it is so casUy graspcil, ia its analogy, that we make qq t.'Wa.-iVi ^ 
' employ it in these notes, addressed as tbey MC lo Y^.tflicaX's 
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their length, if the lamps be equally distributed. If 
the lamps be grouped at certain points it will be 
more apparant at these points. 

Fig. 42 and Fig. 43 are two familiar cases. The 
first shows a gas-pipe carrying a moderate pressure 
of gas, M M'. The first burner will receive the most 
gaSj and the last the least. No two burners will be 
exactly alike. The second diagram represents a 
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dynamo, the positive (or " feeding ") pole of which is 
connected to along main. If the electrical pressure 13 
represented by the line a h, it may be conceived to fall 
off gradually as the distance is increased, as shown by 
the sloping line. This fact applies to all circuits. In 
the diagram the return half of the current is repre- 
sented as fiowing back by the earth, as in telegraphy, I 
by the means of earth contact plates. The earth is | 
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generally regarded as presenting no resistance to the J 
current similar to that offered by a wire, but it is j 
seldom or never used in electric lighting, on account 1 
of other considerations explained further o 

This fall or drop of potential or "pressure" is due, 
in the first place, to the resistance of the circuit. The 
greater this resistance the greater the fall of pressure. 
Again, with a given resistance of wires the pressure 
falls off in proportion as we increase the current. 
This is the varying pressure that must be met, as ex- 
plained in Chapter I., p. 27, by increasing the pres- 
sure at the dynamo. A certain fall is due also to 1 
leakage. \ 

In plain words, the resistance causes a loss of work- 
ing power, and the switching on of more lamps also 
causes a fall of pressure. The loss due to resistance 
is great or small according as the wires are small or 
large, or long or short, A wire of a certain gauge, 
100 feet long, will incur a loss of pressure just twice 
that due to a wire 50 feet long. A wire of a given 
sectional area will incur twice the loss due to a wire of 
double the sectional area. In circuits where the wires are 
of even thickness, and the lamps equally distributed, 
the fall of potential will be even. In others, where 
the sizes of the wires vary, or the lamps are unevenly 
distributed, the fall of potential will be greatest 
where the wire is thinnest and where there are most 
lamps.* 

A certain loss in leading the current to the lamps 
is unavoidable. Practical men know fairly well how 
much loss they can afford. The thicker and shorter the 

■ To enable Ihe reader to fully gra'p this part of the subject, careful 
study of the bws of Ihe circuit may be said to be essential. A, riraple 
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wire the smaller the loss. Wires are selected to keep J 
this loss down to iwo and a half per cent, of the total. 
A practical wiresman will say that he loses 5 volts 
from dynamo to lamps — that is, 2J volts in the main 
leading to the building' and 2^ volts in the lamp cir- 
cuits. To run 100 volt lamps his dynamo must yield 
at least 105 volts, i^ per cent, of this will probably 
be due to the resistance of the " leading " wires, and 
1 J per cent, to that of the " return " wires. 

The leading wire, or briefly " lead," is usually that 
representing the positive terminal of the dynamo, 
sometimes called the positive or feeding wire. The 
return wire is that leading to the negative terminal 
of the dynamo, called briefly the " return " or negative 
wire. 

If the above 105 volts be absorbed in lighting the I 
circuits of lamps, 100 volts will be lost in the lamps J 
themselves. 

The proportional fall of potential (the volts lostjiJ 
is less and l^ss as the pressure in the circuit isf 
increased; but the highest safe pressure for use in 
houses is not above 200 volts, and lamps are not con- 
structed for ordinary candle powers taking so much 
pressure as this. Thus, while a No, 16 wire can be 
made to safely and economically carry six lamps, 
requiring a pressure of 100 volts, the same wire would 
not beusedfor more than four lamps requiring 50 volts 
only. These facts will, however, be better under- 
stood by rules for calculations given further on. 

The Series Multiple Method. — The great advantages 
of the parallel system we have just spoken of are that 
each lamp is independent, and that a safe pressure 
can be maintained no the wires. Thus the breakage 
of any lamp, or the switching of it off has no effect 




SERIES-MULTIPLE METHOD. 

1 Upon adjacent lamps. But the economy in conductors 
and energy to be derived from the use of higher 
potentials has brought into use a system of connecting 
more than one lamp on a wire between the mains 
(Fig. 44). It is usual to connect two lamps in this 
way, and sometimes three or more. The diagram 
represents a pair of mains with a pressure of 200 volts, 
and shows that four 50-volt lamps may be arranged 
upon them in series, or two 100-volt lamps. The 
great disadvantage of this plan is the certainty 
that if one lamp should break or be switched off, 
the other must also cease to bum. It is true that 
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T\%. 44.— DLagraia of Seiits Multiple Circuit. 

this fault of the system has been combatted by an 
electro-magnetic switch, which keeps the circuit 
open, or provides a by-path for the current in the 
event of a stoppage of one of the lamps. But the 
use of such apparatus complicates the case very 
greatly, and introduces other troubles, the worst of 
which is the risk of fire. Besides these disadvantages, 
where this system is in use there is no saving of 
energy when half the lamps are switched off, because 
the magnetic switch has to insert a resistance into 
the circuit as great as that of the supposed 'broken, 
lamp. 
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The multiple series system is 
groups of lights, as in shops or 
lights are required together. A useful and convenient 
combination of the parallel and series parallel may be 
made by bridging the main leads with two lamps in 
series as in the diagram. Thus, if the ordinary parallel 
lamps in the building are lOO-volt lamps, the light at 
any point may be split into two separate portions by 
using two 50-volt lamps in series. As a matter of 
course, if one of the lamps should fail, the other upon 
that bridging wire will cease to burn. One switch 
serves for both lamps. 

The Three- Wire System. — This is a system that has 
been brought into use more especially for main dis- 
tribution work. It is chiefly employed for street 
mains. It may occasionally be utilised in large 
buildings. But for general wiring the three-wire 
system is not necessary. 

Its main object is to effect a saving of copper con- 
ductor, and as this saving is very large the three wire 
system is coming into favour. The practical wiresman 
may have something to do with the system, if not in 
wiring a building, yet in making connections to it, and 
it may be well to briefly examine it. In the three- wire 
system the volts used are twice that employed on any 
parallel two-wire system, and the current (amperes) 
is only one half that used in common parallel. 

In the working of the three-wire system two dynA- \ 
raos are used, connected to three conductors, as in | 
'^^^- 45- The dynamos are joined in series, and the ■ 
central wire would therefore appear to be an idle -I 
wire. But when lamps are connected in the system] 
they should bridge from negative wire to centre andj 
irom positive wire to centre, alternately, as repre>j 
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sented. The inventor in this country {Dr. J. Hop- 
kinson, F.R.S.], however, intends his three-wire plan 
to apply to alternate houses in a street. The central 
wire may be of much smaller section than either of 
the other two, as it has only to carry the differencs 
of current between the two divisions of consumers, 

f-Ol 






and is frequently an earthed conductor — that is, unin- 
sulated ; but this latter plan is not resorted to unless 
the two divisions of consumers require an approxi- 
mately equal supply. 

While the three-wire mains carry a current at, say, 

200 volts, only loo volts enter the houses when 

connected as shown. Therein lies the advantage of 

" the system in respect to ordinary \xo\iae -^Vravs^. 
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Series Syst&m. — This system of wiring is seldom 
used. Indeed, it is quite impracticable when carried 
further than a few lamps. It will be observed from the 
diagram. Fig. 46, that the lamps are merely connected 
one after the other, the whole of the current passing 
through every lamp. A line of 50 lamps thus con- 
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Fig. 46.-Diigr3in oflhc Scries Methoa. 

nected, if each lamp used 100 volts, would call for a 
pressure of 5000 volts. The system has merely been 
experimental, and it presents the very great dis- 
advantage that a failure of any lamp breaks the 
circuit. 

Multiple Series. — This is a more practicable de- 
velopment of the same idea as that just described. It 
is frequsntly employed when arc lamps are to be run 
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in connection with incandescent lamps. Fig. 47 re- 
presents the arrangement diagrammatically. It will 
be noticed that if one or two lamps should break in this 
system, the circuit would not be interrupted. The 
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other lamps in that group would become much 
brighter, consequent upon their having to pass on the 
same current as was before carried by a greater 
number. All the lamps in one group must be lOO-volt 
or 50 -volt lamps, as the case maybe. If the lamps 
are all of equal voltage, the number in each group 
should be the same. 

In this system the current must be kept constant, 
and a series-wound dynamo is generally used. The 
current will vary as the number of lamps, and the 
pressure as the number of groups upon the circuit. 
Hence, if the number of lamps varies, the current 
must be increased or diminished to correspond. li 
the number of groups varies, the pressure must be 
adjusted in proportion. In the diagram the circles 
represent incandescent lamps ; but if it be required to 
burn an arc lamp, it can be effected by inserting it in 
place of one of the incandescent lamps. Thus the arc 
and incandescent lamps are run upon this system in 
parallel. The arc lamp will of course take a great 
deal more current than the incandescent lamp, and 
may replace several of these in a group, or even a 
whole group. Arc lamps to run on series parallel wires 
must be furnished with automatic cut-out or by-pass, 
so that the current is not interrupted on a failure of 
the arc, Only differentially (shunt) governed lamps 
should be used. The running of the system calls 
for considerable care on the part of designer and 
attendant, and an impedance coil is required. 

Working Off Transformers. — The diagrams (Figs. 
48 and 49) represent the usual arrangement of run- 
ning parallel circuits off converters, alternating cur- 
rents being employed. The diagrams are self-ex- 
planatory. 
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Lamps in Parallel. — In Figs. 50 and 51 [p. 138), D 
represents the continuous current dynamo, M S, main , 
switch and fuses, s, switches and branch fuses, L, lamps 1 
run in groups upon branches from the mains. 

Olker Systems. — Several others have been tried. 
Most of them have never merged from the experi- 
mental stage. Broadly speaking, there is one system I 
used for the running of incandescent lamps — parallel I 




or multiple arc — and although for special purposes one 
or other of the different systems spoken of in these 
pages are occasionally used, the parallel plan seems 
likely to hold its position as the first, simplest, and 
best. 

Selection of a System. 
Alternaling v. Continuous Currents. — Considerable J 
experience in this country of both systems does not J 
appear to show that one system has any advantages 1 
over the other. There is a certain wastage of the \ 
carbon filament of lamps in both cases. The wastage 1 
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is impartial with the alternating currents — it appears 
to occur equally over the length of the filament. With 
the continuous current it is partial to the positive con- 
nection of the lamp, and this end of the filament waxes 




1 



thinner than the other — the final rupture usually 
occurring at the end joined to the positive lead. 

When lamps are run off street mains, and a trans- 
former is used, the alternating CTirtetAa axe ?i?«^^ 
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employed. When the street mains convey continuous 




Fig. 50.— Diagram of the Faxallel System of l^^ing. 

currents, the same currents are always used in the 
houses. When lamps are run off an accumulator 





Fig. 51.— Diagram of Parallel Wiring. 

continuous currents are employed. When they are 
run off a dynamo direct the currents may be either 
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continuous or alternating, according to the nature 
of the machine. The balance of opinion appears 
to favour alternating currents for incandescent 
lamps. 

Parallel or Parallel-Series. — If the voltage of the 
street main be 100 it is the general custom to u5e the 
ordinary parallel system with one lamp across the 
main wires, as already explained. If the current 
entering the house have a potential of 200 volts, it is 
common to put two such 100-volt lamps across the 
wires, in series, as shown in the diagram given on 
p. 131. It is not advisable or usual to put more than 
two lamps in series in houses. If it be desired, 
50-volt lamps can be run in pairs in series across 
wires at 100 volts. 

When a Dynamo is Used. — In isolated plants it may 
be said that it is scarcely sufficient to rely entirely 
upon the dynamo. It is much more satisfactory to 
couple with it an accumulator. Ifjo-volt lamps be em- 
ployed, 26 cells of accumulators will be required. The 
number of lamps such a battery will run will depend 
upon the size of the cells. Taking each lamp roughly 
at 1 ampere, it will depend upon the current in 
amperes evolved by the cell at an economical rate of 
discharge. The rate of discharge being estimated 
at about 4 ampferes per positive plate of the large " L " 
type of E.P.S. cell (p. 46), the total discharge is 
equal to 50 ampere hours per positive plate, so that 
each positive plate would discharge about 4 amperes 
for 12 hours. There being 7 plates the total dis- 
charge will be from 25 to 30 amperes. Hence, from 
25 to 30 lamps, taking approximately an ampere 
each, can be run from the battery we have sup- 
posed. In estimating the number oi teWia Te.t^i\x^A. 
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for lamps of odd voltages, divide the number of 
volts by 2, and add two cells as "reserve " (p. 51)-* 

The continuous-current dynamo must yield a cur- 
rent of sufficient strength to charge the accumulator. 
Further instructions will be found at p. 45. 

An alternating current dynamo in an isolated plane 
will work direct on to the lamp circuits. There is 
this little advantage in the alternating dynamo, it is 
less liable to faults of conduction. Having no com- 
mutator or commutator brushes, breakdowns are 
much less frequent. 

In making suggestions for selecting a system of 
working it is impossible to enumerate in a book all the 
possible variations from the fundamental rules already 
laid down. The reader must carefully consider his 
ground. In wiring houses for lighting from street 
mains the system and voltage are already there. He 
has only to lay his circuits, and choose his lamps to 
suit. In selecting an isolated plant, or a ship plant, 
he will be led by the requirements of each case ; the 
balance of opinion is in favour of having an accu- 
mulator in reserve, especially in house lighting. 
Theatres are lighted both without and with accumu- 
lators. If they are not used, ample spare machinery 
should be provided in case of emergency, and in either 
case the circuits are frequently laid in duplicate, one 
set being kept in reserve ; this latter precaution 
applies especially to the auditorium. 

Planning of Circuits. 

Broadly speaking, an installation of too lamps I 

shoiild be divided into at least two circuits. In many I 

* To understand the £rouping of the accumuhlor cells a knowledge _ 
the laws of the voltaic circuit ia e93enlisl, for which see a good leit-boolfa I 
la simpie cases the figures given by the tn^ikcrs □( ihe ceils aie ample. 
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es 50 lamps is too large a number to place upon 
ingle pair of wires. The result will be more satis- 
factory, in respect of the electrical distribution, if 
three or more circuits are planned for. 

Low voltage work — 50 volts and under — is unusual 
in this country ; 100-volt lamps are the rule. When 
the wire section is not restricted high voltage circuits 
will carry a greater number of lamps than circuits 
with only 50 volts. 

The Distributing Box Syste?n, — According to this 
plan of arranging the wires all the switches (save in- 




Flg. si.-Diagtim of Closed Loop, Parallel Sritara. 

dividual lamp switches) and safety fuses, or cut-outs, 
are placed upon a genera] switch-board, to which the 
mains from the dynamo are attached. 

This switch-board is usually enclosed, under lock 
and key, and is called a "distributing box." From 
this point radiate all the circuits, with safety fuses at 
their roots, also double cut-out switches. The safety 

■ fuses should be fitted to both negative and positive 
wires. On the alternating current system there is no 

. negative and no positive wire. Each wire becomes 
a — and a -|- pole many times in a second, American 
nretnipn '■all this box a " closel." 



Before entering upon the uses of cut-outs, fuses, and 
so forth, it may be as well to point out that there is a 
certain advantage in some cases in locating all the 
accessories of the circuits at one point. It appears 
especially suitable to hotels and large institutions. 
On the other hand, it has its disadvantages. 

Closed Loop Circuit. — Lamps are very frequently put 
in a closed loop circuit, as in Fig. 52. In this case it 
will be found most advantageous to connect as shown, 
or if the loop be large, to connect feeders from oppo- 
site sides. 

The Tree System. — Professor Forbes " has given the 
name " tree system " to the plan represented in the 
diagram Fig. 53. Here we have the connections to 
the mains — street or dynamo — with " main fuses " and 
key switches — at the root of the tree. Thence lead a 
pair of sub-mains, forming its stem, throughout the 
main length and breadth of the building. From them 
spring " branches " or room circuits, and from these 
" twigs " or single lamps, representing the leaves. 

Thus there are three sizes of wires usually em- 
ployed. Coarse wire for the house mains, medium 
for the branches, and finer for the twigs, according to 
the current to be passed by these wires. 

It will be observed that the safety fuses in this j 
case (ofich fuse being represented by a black circle, ] 
And the lumps by light circles) are distributed through- 
out tho system, one at least being placed at the root 
of each branch. Keys, or switches, represented by x , 
oro nlao placed jit the roots of the branches, or as near 1 
tlioroto as may be convenient. It is usual to fix! 
nwitchoH mid fuses close together. | 

•!(••'■ Ciintar I-erturM," fiiven brrore tbe Society of Arts, Feb. 1885, \ 
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OF WIRE FOR THE dRCUITS. 



The three- 
wire system, al- 
ready described 
(p. 132), is some- 
times used in 
order to reduce 
the pressure 
from the mains 
to one-half, and 
to effect a sav- 
ing of conduc- 
tors. But it is 
only in particu- 
larly extensive 
installations 
that this would 
be done. 



Size of Wire 

for the 

Circuits. 

The Board of 
Trade rule al- 
lows a current 
I of 2000 amperes 
per square inch 
of section of 
pure copper 
conductor of 
equal conduc- 
tivity. Thiscur- 
rent will, how- 
ever, be found 




common copper wire rather hot. Prac* | 
tical electricians seldom allow more than half this 
current in the conductors — moo amperes per 
square inch. This current will not sensibly warm 
a wire of 95 per cent, conductivity, and is quite 
safe. 

According to this latter rule it is only necessary to 
consult a reliable tablej giving the standard sizes of 
wires, with their section per square inch, to ascertain 
the gauge required to carry a current of so many 
amperes. 

It is a common practice in works on electric light- 
ing to provide a mass of untested data from various 
sources. The beginner is expected to puzzle over 
these as best he can ; but it will be found that, save 
in rare instances) such information is unfitted for the 
use of practical men. We do not propose to follow 
this rule, or at most will give only one or two examples 
of usefiil tried formulae essential in practical work. 
Nor do we propose to weary the reader with cut-and- 
dried "examples" and "demonstrations" of the 
formulae, for the simple reason that they are of no 
utility to a man about to plan an electric wiring 
system based upon conditions whch can never b^_ 
foretold in a book. 

The following table provides in a ready form \ 
good deal of information. The first column gives tlu 
sizes of wires in use in this country, according to thfl 
legal standard gauge brought into force recentl^ 
This gauge is very similar, save in fine and i 
sizes, to the older Birmingham wire gauge. When d 
conductor is as thick as a lead pencil No. 6) it is tof 
stout and stiff to be used for wiring, The practice \ 
to substitute a cable composed of several smaller wiresA 



stranded. Columns ill., IV., v., and vi. are generally 
useful, while columns Vll. to s. are of especial import- 
ance to the electrician. Column ix., giving the sec- 
tional area of the wire in square inches, enables a 
rapid calculation to be made as to the required size, on 
the generally used basis that looo amperes of current 
can be allowed per square inch area. Columns Xll. 
and XIII. give the resistances in ohms per looo feet 
and per pound weight, figures which will be found a 
useful check upon the quality (conductivity) of the 
wire, and in testing. 

Column XIV. is based upon the rule which allows 
1000 ampferes per square inch, and is approximately 
correct — for practical working quite safe. Many suc- 
cessful electricians work to such a column as this with 
perfect satisfaction. 

Columns xv. and xvi, are approximate only, and 
give the number of lamps of different voltage that 
are usually successfully run from the wires. 

The figures given in th» table are intended to 
apply more especially to house wiring, where the dis- 
tance between the dynamo or mains and the furthest 
lamp does not exceed lOo yards. It is taken for 
granted that not more than 50 lamps are placed upon 
one circuit. 

In taking resistances 0/ circuits it must be borne 
in mind that the resistance of a parallel system of 
electric lamps and leading wires is a combined resist- 
ance, of which the component parts are the resistance 
of the leading wires and the resistance of the lamp 
filaments. The working resistance of a lamp is only 
to be got when it is lighted up. Its resistance cold is 
much greater than this. 

If a pair of wires be set out, and one lam^ ^ -^mS. 
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RESISTANCE OF THE CIRCUIT. 

across their far ends, the resistance of that circuit will 
be that of the wire added to that of the lamp. If 
another lamp be placed across the wires, the resist- 
ance of the circuit falls considerably, because a fresh 
additional path has been opened to the current. If 
three lamps be used it falls still more. The greater 
the number of lamps across the wires the less the re- 
sistance. In this way the resistance due to lamps is 
easily obtained by dividing the resistance of one lamp 
(in ohms) by the number of lamps. 

_ Resistance of a single lamp, hot. 



Number of lamps in parallel circuit. 

In series-parallel the resistances of the lamps will 
nearly follow the same rule. If two lamps in series 
are to cross the mains, they may be treated as one 
lamp with their resistances added together. 

Wire Gauging. — The gauge of a wire is an import- 
ant point. If it vary from the dimensions calculated 
for, it may easily lead the wiresman astray. The 
necessity for actual measurement as a check upon the 
reputed gauge of a wire has been of late forced upon 
the attention of engineers. There is now in this 
country but one table of gauges — that authorised by 
the Board of Trade and known as the standard wire 
gauge, adopted, as to the required numbers, in the 
tables given in this book. 

It is very convenient to carry a pocket gauge of 
sufficient range and accuracy to cover the requirements 
of ordinary wiring. Several of these have of late been 
introduced, to meet a demand which is doubtless in- 
creasing. One of the best of the improved guages 
is represented in Figs. 54 and 55, which shows the 
actual size of a very portable anA. a.(X«.xaXft VbX\o,; 
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patented by Mr. Trotter. This little gauge is pro- 
vided with four scales. The standard sizes are given 
on the scale marked S.W.G. The scales marked 
tncA and millimetres give the diameters of a wire 
in decimals of an inch and millimetres respectively, 
both being furnished with verniers. Each has one 
scale with an arrow head and one without. The 
latter is the scale proper, the former is the ver- 
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nier. The arrow head points to the graduation on 
the scale from which the approximate reading is 
taken. The first decimal figure is read on the scale 
by the direct indication of the arrow head. It will 
then befound thatoneof the graduations of the vernier 
coincides with one of the graduations of the scale, and 
the remaining figures required to complete the reading 
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are the numbers which correspond to this graduation, 
counting from the arrow head. The instrument is 
opened by turning the screw to the right. The wire 
to be measured is placed between the jaws and nipped 
tightly. The area of circles may be read upon a scale 
upon the back of the gauge. The area of a wire, onca, 
known, gives at once the capacity of that wire foj! 
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TEST FOR CONDUCTIVITY AND INSULATION. 




carrying a current. It is understood that high con- 
ductivity copper wire is alluded to, and that some such 
constant as looo amperes per square inch sectional 
area is used. 

The gauge represented in Fig. 56 is an ordinary- 
pocket hole or gap gauge, provided with apertures for 
all the usual sizes employed in wiring. It may be 
well to note that standard gauge copper wire, which 
is afterwards tinned, will read a fraction of an inch 
larger than standard gauge. Before measuring a wire 
all insulation should be carefully removed. 

Tests for Conductimty of the Wires. — In fitting up a 
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large installation specimens of the conductors to be 
used should be tested for both conductivity and re- 
sistance. Each sample should not be less than 100 ft. 
in length. Each length, if intended for damp situa- 
tions, should be immersed in a tub of water for at least 
12 hours. The wires should then be tested by the aid 
of the testing box and figures given at p. 76. The 
resistance of each length should not exceed that given 
opposite to its gauge in the preceding table. The in- 
sulation resistance must depend upon the nature of 
the covering. If the wires are " best " insulated, in 
gutta-percha and tapes, they should show an insu- 
lation resistance of 20 meg-okms 'get \e-u'j,'OG.> 



'G FOR INCANDESCENT LAMPS. 

Nahire of the Insulating Covering. — The commonest 
insulated wire that can be safely used for electric light 
branch wires is coated as follows : — 

(i) Tinned copper wire, conductivity 55 per cent. 
One coating india-rubber; braided with cotton and 
coated with preservative compound. Such a wire is 
unfitted for immersion in water, or for work in damp 
situations. 

(2) Tinned copper. One coating cotton; one coat- 
ing india-rubber; one coating felt; braided cotton 
and preservative compound. Such a wire is adapted 
for more exposed work. 

(3) Tinned copper. One coating cotton, satural 
with paraffin wax; one coating pure india-rubber p 
another coating cotton tape ; braided and coated with 
preservative compound. This is "good insulation" 
adapted for damp situations. 

(4) The same as above, with two coatings india- 
rubber. 

(5) Vulcanised insulation, consisting of vulcanising 
india-rubber; one coating rubber-covered tape, and 
the whole vulcanised together and coated with pre- 
servative compound. 

f6) The same as above, with a heavy braiding over 
all'. 

(7) Highest class. As above, with a covering tA 
lead over all. 

(8) Twin-wires, consisting of several fine wires, e.g. 
100 No. 40 stranded together, insulated separately, 
braided in pairs, for flexible conductors. These are- 
used for portable lamps. The exterior covering is in 
silk, mohair, or cotton. 

One rule should be followed by the electrician re- 
sponsible for the success of the wiring— to use the best 
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class of insulation the nature of the case wi. 
and to avoid having the wires too fine. 

Switching Arrangements. 

In planning the wiring of a building the main and 
lamp switches should be marked off on the plan. It 
is impossible to say how many switches should he 
fitted to a given number of lamps, unless the con- 
ditions be known. In house wiring it is convenient 
to provide a double main switch on the house side of 
the meter, and a switch to each lamp fitted. In 
electrolier work, where all the lights would be re- 
quired at one time, a single switch for that group will 
answer. 

It is neither necessary nor usual, as with gas, to fix 
the switches close to the lamps, especially when these 
are overhead. It is more convenient to furnish the 
means for lighting and extinguishing either near the 
doorway, as in hotel bedrooms, or near to the fire- 
place, as in drawing-rooms. Each case must be 
made to decide for itself. There is one point, how- 
ever, that is worth considering carefully ; it is a great 
saving of labour to locate switches and cut-outs (safety 
fuses) together; and it is an advantage to keep the 
fuse as near as possible to the root of the wire 
supplying the lamp. 

Jl/am Switches. — These are fixed at the root of the 
system, or at the root of each branch circuit, according 
to the nature of the case. There are many patterns 
in use, and we can only notice one or two of them. 
One of the most efficient of the double break type is 
represented in Fig. 57, which shows Drake & Gor- 
hara's main double ring-contact switch. The cross- 
arm, provi<Jed with insulatecl U<ktv*iVes, vnv&%^ M.ijptt. 
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WIRING FOR INCANDESCENT LAMPS. 



the central staff. The contact between it and the ' 
terminal rings shown is effected by slitting the ring, 
so providing a spring clip, into which the curved end of 
the cross-arm enters. Fig. 58 will serve to make this 




Fig. S7.— Drake & Gorliam'j Rl 

clearer. The ring is made in two or more parts, 
which gives it elasticity, and certainty of contact, as 
it wears away, is kept up by adjusting the lock nuts. 
This method of getting 
a tight sliding contact 
of large surface has 
been applied by the 
same inventors to a. 
large variety of 
switches, some of 
which are represented 
upon the main switch- 
boards illustrated fur- 
ther on. Such switches 
are invariably mounted 
upon incombustible 
bases, of which per- 
haps the best is slate. 
Their main function is 
to provide perfect continuity when closed, and perfect I 
safety from creating an arc, and so setting up a fire, J 
when opened. Fig. 59 represents one form of Wood-1 
bouse & Rawson's double-break switch. 
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DOUBLE-POLE SWITCHES. 
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Double-pole main switches are different from 
double-break switches inasmuch as they are con- 
structed in duplicate — two switches in one, so that by 
one movement of the handle both leading and return 
wire are cut off from the circuit. Instead of opening 
the two wires of one circuit a double-pole switch may 
be used to open the positive or negative wires of two 
separate circuits. 

Of late a good deal of objection has been raised by 




fire office authorities and others against the practice 
of carrying wires belonging to the same circuit so close 
together, as is frequently necessitated by the use of 
double-pole switches. Any objection of that kind 
may, however, be easily met by providing two single 
switches, one upon each wire, a sufficient distance 
(several inches) apart, or by the simple expedient of 
providing sufficient space upon the double-pole 
switch itself. There can be no doubt that a double- 
pole switch is a great convenience. Fig. 60 tai^-ie.- 
sents Mr. Hedges' device for tVvia ■p\ir5Q»'E.e.,'«V\'5(\ "^ 
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WIRING FOR INCANDESCENT LAMPS, 

now extensively used in house lighting in the metro- 
polis. A aiii a' are a pair of sprung contact discs, 
bearing with sufficient pressure upon the polar pieces 
B b'. The base is incombustible. The main cable 
connections are made into the set-screw sockets 
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shown at H , and the branches from the opposite 

side. 

MulHpie- Way Main Switches. — Main switches may I 
be broadly regarded as effecting three changes t [ 
(i) Cutting open and closing one wire of a circuital 
or, in other words, "off and on" switching; thi»J 
class of single-wire switch is made both with, i 
''^ijj^le break" and a "double break," as shown ia 
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that in the event of a bad short circuit to earth in one I 
of the branch wires, merely severing one wire rom the 
mains would not necessarily stop the leakage, while 
severing the two cuts off all possibility of main 
current reaching the branches. (3) Multiple-way, or 
distributing switches. These are arranged in a variety 
of ways. 'ITie simplest form is represented by a central 
contact connected to the positive main, having a lever 
moving at will on to any one of several branch 1 




terminals, so as to throw the main current into any 
required wire. The switch may of course be elabo- 
rated to any degree, so as to lead the main current into 
any number of wires, according to the nature of tha 1 
case. Figs. 61 and 62 show two forms of this descrip- I 
tion of switch, in the first of which Woodhouse and. J 
Rawson's multiple contact plate system is' employed ; I 
the contact being given by a number of springy slips 1 
of gun-metal or brass, an arrangement which ensures %,-\ 
good deal of bearing surface between the two con^J 
tacts. Fig. 63 is a form used for placing accumulators 
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in and out of circuit during charge or discharge. 
The short-circuiting of a cell is obviated by a coil 
of wire placed upon a vulcanised iibre plate below 
the slate base. It may be pointed out that if a 
switch carrying a heavy current have but a small 
contact, great heat and ultimate burning maybe set 
up at that point. In the selection of switches, 
especially main switches, only those furnished with 
incombustible bases of sufficient thickness to retard 
the passage of heat should be used. 

Branch Line and Lamp Switch. — These have been 
produced in great variety. The simplest kind in use 
merely forms a metallic touch, connected to the lead- 
ing wire, and so arranged as to throw the current 
into the branch by contact. This is by far the most 
common variety of switch. It frequently is found 
with a great defect, which is worth careful considera- 
tion before fitting switches to be manipulated by ordi- 
nary people. A common switch, if turned partially 
but not wholly off, may serve to extinguish the lamps, 
but at the same time may be in partial contact suffi- 
cient to set up an arc there, or a fusing heat. This is 
the worst kind of switch possible for fitting into 
houses. The difficulty can be overcome by fitting the 
movable lever with an "overthrow" spring, the func- 
tion of which is to rapidly push open the switch as 
soon as it is started by hand, a device which renders 
"arc-ing" impossible. This re-acting spring device 
has recently been considerably improved upon in the 
Woodhouse & Rawson switches, and in those of 
several other makers. An " overthrow " spring may 
possibly be resisted by the hand of the person open- 
ing the switch long enough to form an arc and bum 
the switch. Such a contingency is met b^ ■ni^i>£l\Mi'&ia 
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little handle free upon its arbor, so that when th^ll 
switch is started once it is thrown fully open by tho- 
spring independently of the handle; e.g., even if the 4 
handle be held firmly after starting the switch, ifl 
will spring open and prevent " arc-ing." 

These switches are furnished with channels for the] 
connection of the wires from the back, and with thej 




necessary screw-holes for their fixing. They arel 
usually protected by a cover of porcelain, or wood,, I 
of a shade and style of ornamentation to suit thft- 
colourfng of the apartment in which they are placed,J 
Fig. 64. 

Comhined Switch and Cut-out Fuse. — A very usefur 
form of switch is that in which a fuse is fitted, as 1 
represented in the front of Fig. 65, The fuse usuallyl 



consists of a slip of tin, or alloy, which is easily r 







placed when accidentallj burnt by too hea-vy a cur- 
rent. These combined 

switches are likely to ©L 

corae into general 

favour, reducing as 

they do the labour of 

fitting fuses 

When a wall plug 
I is provided for the 
i flexible leading wires 
L of a portable; lamp, 
la duplex plug connection, as represente^L "WCa. 've^h 
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position and separated in Fig. 66, is generally em- j 
ployed. 

Plug and Removable Key S'mickes. — A plug switch ^ 
is merely a metal plug, as used in resistance coils, 
which is inserted or withdrawn to make and break j 
contact. Key switches are those opened and closed 
by a separate key, which is easily removed and I 
carried about. 

Reversing Switch. — The ingenious device shown in 
Fig. 67, which is due to a French electrician, enables 
the switching of a lamp to be effected from two 
points, as either end of a room. The diagram ex.- 1 
plains itself. 

Capacity of the Switch. — Switches, whether for main | 
or branch work, are said to be made to carry so 
many ampferes— in the case of branch switches this I 
would be approximately as so many lamps. A wide 
margin of carrying capacity is generally allowed. 
The main provision to insist upon is perfect con- 
tact, insulation, and incombustibility. 

Main Fuses and 1 
(^ Citt-outs. — A J 

safety fuse is . 
device to prevent 
an accidental ali- 
normal current 
from forming in j 
a circuit. If 
current greater than the circuits in a house were 
designed to carry were to pass through them, the 
points offering greatest resistance would speedily be- 
come red-hot, and fire would probably ensue. The 
main object, then, of a safety fuse, or cut-out as it ia 
frequently called, is to prevent accidental overheating. 
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MAIN -^IRE FUSES. l^H 

When a small portion of a circuit is composed of 
very fine copper wire, it will break at that point as soon 
as the current is raised sufficiently high to melt the 
copper. Perhaps the best materia! for a fuse is copper, 
but it has one great objection — its high fusing point. 
It is usual to employ an inch, or thereabouts, of tin, 
or tin-lead alloy wire ; and in respect to gauge, it is a 
common practice to employ a wire one size finer than 
the copper circuit wire — e-g., a i5-gauge copper wire 




would be protected by an 1 8-gauge tin wire. Main 
fiises inserted at the root of house mains take several 
forms. One of the most convenient is the W. & R. 
double-pole fuse, represented in Fig. 68, consisting of 
a slate double trough so fitted that it may be conve- 
niently screwed to wall or other fixture. The wires 
are led to the metallic plugs, which are fitted with 
screws for their reception. Between the plugs short 
lengths of lead or tin wire are fixed, and the whole is 
covered by a glass cover. Thus any accident to the 
I fuses can be detected and the fusib\e mte te^isae^ 
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The capacity of the fusible plato is usually indicated 
upon it in amperes as shown in the diagram (Fig. 69) 
of Hedges' main fuse. The fuse plate may easily be 
removed and replaced by others (Fig. ; 
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In many systems plugs of lead or fusible alloy are I 
used for this purpose ; in others merely a loop of lead 1 
■wire is employed. There is one certainty in the use 
of a good fuse : if it be fixed close to a dynamo it will 
always burn up long 
before the copper 
wires are hot enough 
to injure the insula- 
tion of the machine, 
A paper by W. H. 
Preece, F.R.S.," gives several deductions from experi- 
ments upon the fusing of different metals under the j 
current. 

The following refers to copper and tin lead alloy,! 
two substances very much used for fuses : — 

• Proeccdire-- ofllie Royal Society. Vol. XLIV. M.icch, 18S8. 
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BRANCH WIRE FUSES. 
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The fusible alloys generally employed for making 
safety plugs are usually more strictly amalgams in the 
case of the softer plugs. These are made from Arcet'a 
metal, 9 parts, mercury, i ; and fuse at about 50° C. 
Harder plugs, melting at 210° Fahn (just under the 
heat of boiling water) are made of tin, 3 : lead, 5 ; 
bismuth, 7. A useful fuse for wires hung bare, where 
a good deal of heat may be allowed with safety, is 
made from tin, 1 ; bismuth, i ; it fuses at 285° Fahr. 

Fusible Plugs and 
Branch Fuses. — The 
usual safety plugs 
are marked with 
the number of ain- 
peres of current 
they can carry with- 
out fusion. They 
are also, in rare 
cases, marked in 
"lamps," but this 
practice is ex- 
tremely misleading. If marked in lamps, 16 candle ! 
lamps will probably be meant in most cases. Since 
the function of a safety plug is to protect the circuit 
at whose root it is fixed, it has no reference to lamps. 
The arap&res in that circuit may a'p'giQ'sXav^'wSi^ « 
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the number of lamps, or they may not, according tdl 
the voltage of the lamps {e.g., 50-volt lamps might take * 
ampere, while 100- volt lamps would take -5 ampere). 
One of the simplest forms of fuse plate is represented 
in Fig-. 71, where milled nuts areprovided for replacing 
a burned out connection. 

Messrs. Patterson & Cooper issue a convenient and I 
substantial form of fuse upon a slate base, repre- 
sented in Fig. 72, in which a flat foil is used as ia'| 
Hedges* fuses. 

Particular Observation Respecting Fuses. — ^The inser-J 




tion of a number of fuses into a system of circuits I 
may render that system a very safe one as far as 1 
overheating by accidental abnormal currents is con- 
cerned. But the multiplication of fuses may easily 
become a source of danger instead of safety. Each 
fuse implies a break in the wire and a pair of con- 
nections. Unless the connections are honestly 
thorough they become a source of trouble. Every 
fresh connection is a fresh weak point in the circuit. 
It is essential to so make the connections that each 
has a carrying capacity greater than the wire itself* 
and is unquestionably sound. A carelessly soldered! 
connection may heat very quickly. It may at any f 
time break apart and set up an arc, so igniting dry 
woodwork. Besides the connections the plugs them- 
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CAUTION RESPECTING FUSES. 

selves, if plugs be used, may have bad connection 
in their sockets. Every plug should be examined 
previously to being inserted into the circuit. 

Fuse Boards. — For reasons stated above many 
electricians will not permit the distribution of fuses 
throughout the system of house wiring. In such 
cases it is considered safer to assemble all the fuses 
upon a fuse board (Fig. 73). The base or backing of 
this "board" is of 
slate, and the ter- 
minal blocks of 
brass. The figure 
represents a fuse 
board for eight cir- 
cuits. The connec- 
tion to the positive 
main is made with 
the central screw, 
and the current is 
thus distributed 
into eight paths. 
The fuses them- 
selves, shown by the 
light lines between 
the lower and upper 

terminals, are either of lead wire or of strips of alloy. * 
It is much easier to ensure good connections upon 
such a grouped system of fuses than in a distributed 
plan. But the use of fusible wire is difficult and 
uncertain, unless precautions be taken. The wire 
must either fit the terminal blocks very tightly, so as j 
to ensure good contact without much screw pressure, >] 
or a piece of copper wire must be soldered to t.b.e 's.'^i- 1 
of the fuse for connection with, the teittimaXs. 
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though the fuse boards are usually placed only in the 
positive main, with a plain "terminal block" (Fig. 
74) upon the return, it is still better to have a fuse 
board upon both poles of the main. The use of ter- 
minal blocks of this pattern is extending. They 
obviate the necessity for large, coarse main or ter 
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Fie- 73.— Hedges' Fi 

minal joints, and greatly facilitate examination and 
testing of the circuits. 

Mr. Hedges has devised a form of fuse for switclt 
boards (Fig. 75), which would appear to offer several 
advantages, providing as it does means of rapidly, 
connecting the main cables. The fusible foil bridges 
over a gap as represented. 

Mr. Scott has devised the handy fuse represented 
in Fig. jd. It consists of a fine ■v.ire, ru,n ove? \' 
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surface of insulative material, forming a kind of con- 
ductive plug which may easily be slipped into posi- 
tion in the base This pl^ig provides the "one inch 
break generiUv requ red by the fire offices 




Fig. j6.-«cotfs Fusftls Plug; 

The Lamps and Fittings. 

Area Lighted. — A i6 candle-power lamp is usually 
fixed for every lOO square feet around the lamp, the 
latter being raised from 6 to lo feet above the floor 
line. 

Light A hsorhed by Glass Envelopes. — ^When the lamp 
is covered by a globe the following percentages of 
light are lost for the different classes of glass : Clear 
glass, 10 p. c. ; ground glass, 35 p. c. ; opalescent, 
50 P- c. 

Incandescent Lamps in General Use. — Various 
makers' productions are in use. The most widely 
known are the Edison & Swan's lamps. They range, 
according to the nature of the filameut, Sioto- «»-^ 
candle power to 1000 or mote, wV.e.i^. iviXt^ ■mfia.'c*.- 
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deseed. The most common powers are the S, lo, i5 
and 20 c. p. lamps. For house lighting lo and i6 
c. p. lamps are deemed sufficient. Of the two the i6 
c. p. is probably the more widely used. 

Electromotive Force and Current of the Various 
Classes. — The lamps in general use absorb approxi- 
mately the following : — 



B candle-pov 



50 
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But it is impossible at the present time to lay down 
a rigid rule. The 8 c. p. lamps are very generally 
run at 10 c. p., and the 16 c. p. at so. It is more 
economical, as far as current is concerned, to run 
thera above their nominal value. But the life of the 
lamp is thereby shortened. The "life" varies, and 
depends almost entirely upon the supply — its con- 
stancy, regularity, freedom from fluctuations and so 
on. The average has been placed at 1000 hours, 
but many lamps have been known to burn 5000 
hours. The life chiefly depends, no doubt, inversely 
upon the intensity of the incandescence. , 

Nature and Description. — ^The incandescent lamp is 
now so well known that it appears unnecessary to 
describe it. It may be regarded, however, as a short 
length of very fine conducting filament of graphite 
carbon, usually curved into the shape of a hairpin, 
and mounted within a pear-shaped glass envelope, 
from which the air has been very carefully exhausted. 
The two ends of the carbon thread are put into com- 
munication with the exterior of the glass by two fine J 
wires of platinum, sealed into the glass (Figs. 77 and 1 



78). The lamps need careful handling, as the carbon 
filament is very brittle and easily broken. If the 
glass be broken, the lamp is destroyed. If this 
rupture should occur while the current is passing- 
through the lamp, the carbon thread will be at once 
consumed. The filament is caused to glow by a small 
portion of current being impelled through it under the 
"pressure" or electromotive force set up by the 
dynamo. The higher this pressure the less current 




per candle power is required, so that it is economical, 
as before stated, within reasonable limits to work 
lamps at a high pressure. The working pressure, 
measured in volts, is always marked upon the lamps. 
But, as in the case of various other "nominal" 
working figures, these are frequently exceeded. 

Blackening of the Bulbs. — This cannot at present be 
avoided. AVhen a lamp has been in use a few hun- 
dred hours the interior of the glass K^^ewis Xa ^^X. ' 
coated with a fine black powder — ^ptctoattVj , v^'s"'-'^^*' 
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of carbon from the gradual destruction of the filament. 
This blackening impedes the light, and it becomes 
a question whether it is economical to run such 
blackened bulbs longer after a certain percentage ot 
light has been so cut off. 

Current A bsorbed by the Lamps.— ^he current varies, 
as before stated, with the "pressure" at which the"' 
lamps are worked. It is usually expressed in 
" watts." A lamp is said to take so many watts per 
candle power. The best lamps take from 3-5 to 4 
watts per candle, under ordinary pressures. 746 watts 
are called an electrical horse-power, and from 45 to 60 
watts will be absorbed by an average 16 c. p. lamp. 
Roughly, from 10 to 14 of such lamps are usually 
obtained per mechanical horse power expended upon 
the dynamo. The balance is usually lost in the 
resistance of the circuits. 

The Economical Efficiency of the Lamps. — With 
regard to the question, at ■what pressti-re tt is economical 
to run the lamps, seeing that a high pressure shortens 
their life, but calls for less electricity per candle 
power, an interesting paper was read at the American 
Institute of Electrical Engineers by Mr. Howell, elec- 
trician to the Edison Lamp Company, April, 1888. 

The paper embraced a series of curves, showing the 
performance of lamps of various costs, candle powers, 
efficiencies, and with various periods of life. Thoj 
general deduction from the numerous experiments"^ 
that had been made to determine this point was that. 
ike most economical efficiency of the lamps was attained 
when the cost of lamps was 15 per cent, of the cost of 
operating the entire electric plant. In other words, if 
the lamp bills (renewals) were less than 15 percent, 
the total expense of the electric lighting, the pressi 
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imposed upon the lamps was too low. If the lamp bills 
exceeded 15 per cent, of the expenses, the pressure 
used was too high. It was also shown that if. for 
example, the lamp bills are only 10 per cent, of the 
whole cost, increasing the efficiency of the lamps by 
increasing their candle power does not reduce the 
total cost; but in order to attain that end the lamps 
must be replaced by others of the same candle power, 
but of higher efficiency. It is therefore clear that it is 
by no means economical to run lamps at so low a 
candle power that they will last beyond a certain 
number of hours. Instances are common of lamps 
having been run at so low an efficiency that they have 
lasted 5000 hours. It would appear that in this case 
it would probably have been better to burn out five 
lamps, each lasting looo hours. 

Apart from the question of current wasted upon a 
lamp in the above way, there is the inevitable blacken- 
ing of the bulbs to be contended against, as already 
spoken of. When this proceeds a certain way it is 
better to replace the lamp, even although its filament 
may have a good length of life left in it. It should, 
in fact, be treated as a broken lamp. 

A "kilowatt" is 1000 watts. The kilowatt is 
frequently taken as a unit in describing the power of 
a dynamo. Thus a dynamo will be described as a 
" lo-unit machine," meaning a dynamo capable of 
causing an electrical flow of 10 kilo-watts (10,000 
watts). 

The Board of Trade kilowatt-hour is the recognised 
unit of measurement of electricity supplied to con- 
sumers. It means a kilowatt maintained for one 
hour. Its selling price in this couatcy \'«\e;?. ^q"c^ 
6d. to IS. 
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Fii/ings. — These may be roughly divided into 

sockets, or lamp holders, or connectors ; brackets, or 
arms for supporting the lamps and pendants, and 
electroliers. 

The sockets depend upon the connections provided 

at the lamp bulbs. These are arranged variously. 

The most common is a pair of metallic studs, fixed to 

the stem by means of a brass collar, 

and known as B C lamps in the trade. 

A common plan is to provide two 

small loops at the bottom of the bulb, 

and to hook them to the terminals in 

the socket to make electrical connec- 

Jl|li ,/ tion called bottom loop lamps, or 

|wn| B L The sockets are also made in 

BU th form of adapters, for use upon 

«l|i CM tmg gas fittings, called G. F. 

1 adapter supplies (see " Gas Fittings," 

B| p ig6). The "contact" is made cer- 

r tain in various ways. The earliest 

I plan was that of loops, kept apart by 

rj Xf-^v nth a spiral spring, and later by means of 
bisonctjont ^ baj onet joiut (Fig. 79). The usual 

present device is arranged to come into contact by 1 
simply screwing, the details of which we cannot | 
enter upon here. | 

Brackets are made in an immense variety of designs. 
They are very similar to gas brackets, but are gene- 
rally arranged to throw the light downwards. Incan- 
descent lamps being different from gas burners, inas- 
much as they can be held in any position, afford great 
scope to the art-worker in the production of new and 1 
beautiful designs for brackets and electroliers. Flowers - j 
and fruit naturally suggest many ideas in this direc- I 
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tion, and it is a common practice to make the lamp 
come in as a " bud," or the centre of a " bloom," 
the fruit itself. For such purposes the bulbs are fre- 
quently coloured. 

A very convenient arrangement for students is 
represented in Fig. 80, which shows Mr. Hartnell's 
adjustable shade carrier, by means of which the light 
of the lamp may be projected in any direction, or at 
any angle. 

Dispersion of the light is a subject which has occu- 
pied many minds, and there is probably nothing better 




than reflectors for ordinary purposes. Mr. Trotter's 
application of dioptric shades appears to present some 
advantages in this direction. The shades are moulded 
from clear flint glass into innumerable little prisms, 
causing considerable diffusion of the light, while it 
obviates the glare of light direct to the eyesight. 
Fig. 81 represents one form of these shades, com- 
pletely enclosing the lamp or lamps. The dioptric 
shades will no doubt prove useful for indoor arc lights. 
Atlachment for Portable Lamps. — Portable lamps, 
fed by a flexible twin wire, attached to a palx cA v^^^ 
fixed at any convenient point m ftve ^waVi. q1 b. -coq-to.. 



\ 



are becoming very common. Since the leads are i 
exposed to so much friction there is constant danger-] 
of short circuit in these leading wires. Hence the j 




invariahle practice of careful engineers to fit a fiiS* 
behind the wall attachment, where the flexible lea^f 
leave the branch wires. If accidental contact thei 
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takes place between the leads, the fuse will give way 
before the danger extends to the wires themselves. 

Telescope pendants have been devised for the elec- 
tric light. Various plans have been suggested for he 
purpose of keeping up the coiitads when the pendant 
is lowered or raised. One of the earliest ideas was to 
employ a flexible twin wire, running upon a spring 
reel, after the manner of a spring blind, the wire being 
used merely to feed the lamp. A later method em- 
ploys a single sliding contact, consisting of a spring 
bearing upon an insulated metallic strip connected to 
the positive wire, the fitting itself being in contact 
with the negative pole. Various other devices have 
been tried which cannot be entered upon here. Fig. Sz 
represents a convenient reflecting pendant for either 
arc or incandescent lamps, issued by Messrs. Laing, 
Wharton, & Down. 



Methods of Running the Wires. 

"Rule of the Road" for Leads. — It may be as well 
to quote here the alliterative rule generally observed 
by wiresmen in running leading wires : " Leads left. 
Returns right," when laid upon a floor or ceiling; 
when placed upon a wall, horizontally, " Leads low, 
Returns raised." 

Red insulation is generally used for leads (positive 
wires) and Black insulation for returns (negative 
wires). It may be observed here that a good deal of 
complaint is being raised that the red itisulaiimi is 
inferior to the Hack — this, if insisted on by makers, 
will speedily result in the black being used for leads, 
and the red for returns. For rules to find the direc- 
tion of the current, see p. 24, 




Cleat Wiring.— T\\i'i means insulated wires, run as 
neatly as possible upon walls, flooring, and ceiling, 
and held in place either by 
" cleats " (Fig. 83) of wood, 
with a double groove, or by 
leather loops. 

Cleat wiring, although un- 
fitted for house work, is emi-. 
nently adapted for theatre stage-wiring, for mills, 
and in every situation where the appearance of the 
bare wires would not be objectionable. 

It is very desirable to expose the wires to view if 
possible. It prevents moisture from accumulating, 
renders the detection of leakages and faults compara- 
tively simple, and compels the wiresman to observe 
that the proper distance is maintained between the 
wires. In mills, where dust is generated, it is apt 
to settle very much upon wires carrying continuous 
currents, but not upon those carrying alternating 
currents. When a length of wire is run it should 
always be stretched taut, from point to point, and 
securely cleated down. Cleats may be required, ac- 
cording to the situation of the wires, from every three 
to every six feet of run. 

Crossing Cleats have been devised for enabling one 
pair of wires to cross over or under another pair with- 
out danger of contact. They are usually made in 
glazed earthenware, but more frequently extemporised 
by the wiresman himself upon the spot. A wooden 
cleat of this kind merely consists of two cleats plac 
across each other. It is usual to put in a square 
vulcanised rubber between the cleats. The singli 
wire crossing pieces are usually made in earthenware^ 
and lead one wire, as an arch, over the other, Thdl 
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distance between the wires so crossed should tiever b 
less than an inch. The main provision is certainty of 
separation. It must be impossible to press or bend 
the wires so crossed into contact with each other. 

Cleats should be screwed, not nailed. The screws 
must not touch the insulating covering of the wires. 



^^ 




Fig, 84.-D0UI 

Brick walls must be pierced with chisel and hammer, 
to allow of the driving- in of a block of wood upon 
which to screw the cleat. The wood should be driven 
in so that its grain is across the path of the screw, 
otherwise the latter may be easily pulled out. The 
cleats themselves are made from hard wood, with 
semicircular or square channels. 

Casing and Moulding Wiring. — This is by far the 
most common method 
at the present time for 
house work. It implies 
concealed wires, but yet 
accessible in a case of 
need. The casings 

t are merely continuous 
cleats. Fig. 84 is an 
example of a section of plain channelling with its 
moulded cover, and Fig. 85 of a more elaborate pat- 

[ tern. Figs. 86 and 87 represent single-wire moukl- 

I jngs for a cornice or angle and an open situation 

\ respectively. 
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Casings are usually made in 
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special purposes are produced in immense variety by 
Mr. Elliott, of Newbury, from whose designs the above 
engravings are taken. Mouldings will necessarily be 
selected to suit the ornamentation of the rooms, or to 
taste. 

There are several methods of casing the wires. 
But all that is necessary is to run the wires taut from 
point to point, and to securely screw the moulding 
upon them. Some wiresmen are more particular in 
their method, and take pains to loop down the wires 
upon the walls first, the requisite distance apart, and 
to apply the casing merely as a covering or protec- 
tion. The channelling, which is double, as Fig. 84, 





[ouldine. Fig. 8;.-SiBgle Wire Casing. 

is first screwed to the walls or floors, and the cover 
laid upon it afiter the wires are run in the grooves. 

The object of mouldings is of course to conceal the 
presence of wires altogether, and numerous ingenious 
devices have been resorted to by artistic workmen to 
get wires to fittings and electroliers without breaking 
the plaster of the walls. In some cases the plaster is 
cut out in the path of the wires, and, after they are 
laid in a thin sheathing in the channel so obtained, a 
thin wooden cover is put on, and the whole re-papered 
or painted, forming complete concealment. Mould- 
ings are frequently run above the wainscot, or in 
corners or along the course of skirting boards. When 
wires have to be run upon a ceiling, and the place for 
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the lamp cannot be reached from above, a mouldinj 
must be run across; but it is usual in that case 
give the ceiling a symmetrical appearance by Sttingf 
three other dummy mouldings, forming panels, 

It is impossible to enter here upon the number- 
less devices resorted to for the purpose of concealing 
the wires, or at least giving their covers an artistic 
appearance. Each case must be made to decide for 
itself. 

It is almost needless to enter upon a consideration 
of the wiring of buildings while in course of con- 
struction. Although the use of the electric light 
is spreading rapidly it will not for many years be 
allowed for in new buildings in this country, except 
in rare instances. Progress in England is extremely 
slow, and it is probable that houses will continue to 
be fitted for gas light long after that illuminant has 
been relegated in great part to the duties of beating 
and cooking. 

If a general suggestion may be thrown out we may 
say that the architect should provide vertical tunnels 
in the brickwork, at least 8 in. by iz in., communi- 
cating with each floor from top to bottom of the 
house. The tunnels should be boarded or wood-lined 
by the carpenters. That, with the provision of 
horizontal openings of the same size through partition 
walls, on the level of each floor, will form the only dif- 
ference necessary between providing for gas and elec- 
tricity. Ceilings will be reached from above, as in the 
case of gas-fitting. Brackets on walls will be reached 
from above or below by means of small tunnels 
formed behind the plaster. Gas-pipes are buried vci. 
the plaster, or cleated to the brickwoik.. T\v\?. i^a.tvtvox. 
be done in the case of electric light ■w'ltes, a.'c^^i "" 
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doubtful whether it should be resorted to, even in 1 
the case of wires covered over all by a protection of ] 
lead. 

Wherever wtres are run in a building the adjacent , 
•woodwork mtist he dry, and conductors must in no case i 
be affixed to, or laid in damp walls. 

In running wires beneath flooring, and in other ] 
situations where the wires cannot be cleated down, it ] 
is important to ensure that they are "hauled taut" 
and well separated; in running concealed wires this 1 
precaution against accidental contact between the j 
wires is more important than any other. Two wires j 
must never be run through the same opening in a I 
ceiling without the use of hard rubber separating- 
tubing slipped over each wire. The same is true of 
walls and partitions, where, if practicable, eartlienware 
separating-tube should be used. 

Are these Precautions Needful ? — The questioner 
has only to read the rules laid down by the fire offices 
and the suggestions of the Institute of Electrical En- 
gineers to find an answer. He must bear in mind 
that although electricity is the safest illuminant ever 
used, it consists of energy conveyed in wires, and that 
it will either manifest itself as light or as heat. If too 
much of it be forced through a thin conductor, that 
conductor will become hot, and it may become red- 
hot. If it can find a short path back to the mains 
without passing through the lamps, it will inevitably do 
so (as in two wires crossing). This will shortly— 
unless the insulating covering of the wires be very f 
good — cause a contact and an electric arc, which may I 
possibly give rise to fire. But when electricity is I 
compared with gas, it is both easier to make it per- | 
'V iafe, and to provide beforehand for leakage. A J 
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gas-pipe may leak and suffocate every one in a house ; 
an electric wire, if it leak, would heat up its fuse, and 
get cut offixom. the supply. There is no such possible 
precaution in the case of gas. 

A great deal of nonsense has been spoken of the 
dangers of electricity. Although it has been in ex- 
tensive use as an illuminating agent in this country 
for at least ten years, it is difficult to point to a single 
authentic instance of damage due to it. As used in 
houses, at a pressure of one or two h undred volts, it is 
perfectly harmless to the person. The conductors are 
so insulated and protected by cut-outs that any acci- 
dent that might cause a iire is rendered impossible. 
Provided then a conductor of sufficient size, so that 
its sectional area is from one to one and a half square 
inch for a thousand lamps (or from looo to 1500 
amperes), and suitable fuses inserted at the root ot 
each branch, danger is entirely out of the question. 
But a good deal of discreditable work in the form of 
wiring has been done by unscrupulous contractors. 
Insufficient insulation has been put upon the wires. 
These have been carelessly run. They have been 
loaded with current (possibly from 2000 to 4000 
ampferes per square inch), so that they were always 
hot when at work. They have not been protected by 
fuses at all. And thus, through general ignorance, 
many installations have proved unsatisfactory, and 
broken down after a time, the users returning in 
disgust to gas or candles. Happily this state of 
things is passing away. Well insulated wires are 
being introduced, having ample carrying capacity, and 
their distribution is now better schemed. Fuses are 
being employed with many other precautions, XVi.ete.'-v^ 
one leading maxim for a contractot ■pu^.\\rv'£ vcv ^feOi-YiK. 
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light, and it is to avoid contracts that do not allow oi 
the best class of material and labour being used 
throughout. 

Tests during Wiring.— As suggested at p. 151, the 
general plan of the wiring must be taken upon paper, 
together with particular attention to such details as 
the positions of fuses and switches. During the 
progress of the wiring the leading hand should every 
day test each circuit as it progresses for continuity 
and crosses. He can find crosses or short circuits 
most easily by insulating all the distant ends of wires 
according to the directions given at p, 83, Continuity 
and freedom from short circuits having been ascer- 
tained, the final consideration in an installation of 
any considerable size is the resistance, both copper 
and insulation, of the circuits. Several hints as to 
these tests are given at p. 84, together with particu- 
lars of the instruments required. The tests should 
always be made from the dynamo, or from the point 
where the branch mains enter the house. In taking 
the copper resistance tests the ends of the far branch 
leads and returns must be twisted together, or con- 
nected with brass screw-junction pieces. All lamps 
must be removed. Every successive step in the 
testing must be made according to the plan of tha 
wiring, which should be placed upon a wall near to 
the main switch-board. It is usual to take the insu- 
lation tests last. It may be of interest to state that a 
great deal of very good incandescent wiring has been 
done without taking either copper or insulation re- 
sistance tests. But in such cases the copper con- 
ductors have in every case been carefully selected to 
suit the distances at the outset. The insulation has 
been of the best, and the work in all its details 

to^ M^ ^^ 
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carried out under the eye of the responsible elec- 
trician. Testing', at best, is but the detection of 
possible careless work or unforeseen accident. Con- 
tinuity tests cannot well be dispensed with. Insu- 
lation tests are essential aboard ship, or in mills, and 
in any situation where there is danger from damp or 
contact with wires. 

Prof, yamieson's Rules for Insulation Resistance of 
Electric Light Circuit. — In a paper read before the 
Institute of Electrical Engineers," by Professor A. 
Jamieson, F.R.S.E., he gives the following formula 
relating to the insulation resistance which should 
exist in the best kind of installations of the electric 
light i— 

Let Ri = the total insulation resistance of the 
whole or any part of the lamp circuits, or of the gene- 
rator, in ohms ; 

iT =: a constant, "i Q = -^ o ^ 100,000 u [100,000 
ohms) found from actual tests of several well-erected 
installations; 

E = E.M.F. of dynamo or installation in volts ; 

Nj, = number of lamps (16-candle power) on each 
circuit or on the whole circuit, then 

^ Ni, 

The insulation resistance is therefore here taken to 

be directly proportional to the nominal E.M.F. of the 

dynamo, and inversely proportional to the number of 

16-candle power lamps in circuit. 

The Phcenix Fire Office rule puts the insulation 
resistance of different sized installations into tabular 
form, as follows :— 

• Journal of Che Institute, Jamiarj, vSKq, fl 
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This applies to continuous currents having an electro- 
motive force of 200 volts and under, and implies a 
test taken at one operation over the whole installation. 
It is, of course, well known that tests of insulation 
are the exception, and, unfortunately, not the rule. It 
should be urged that insulation testing is quite as 
important as continuity testing, and certainly more 
important than conductor resistance testing, especially 
aboard ships. If insulation tests are to be neglected, 
the greatest precautions must be taken in the matter 
of selecting well-insulated wires, and in running 
them in the safest positions.* 

Estimation of the Electrical Power Required. 

All electrical work, in wires and at lamps, repre- 
sents the expenditure of mechanical energy. The 
mechanical units of measurement cannot, however, be 
employed in calculations of the electrical work. The 
electrical units employed by practical engineers in 
estimating electrical work are named as follow : — 

Voli. — The accepted unit of measurement of electro- 
motive force, or the potential difference between the 
poles of a machine (very generally regarded as, and 
styled, "pressure"). This unit bears a certain rela- 
tionship or proportion to the absolute unit of pressure, 
the physical significance of which is fully explained in 
most text-books of electricity. VoUmelers, showing 
at a glance the voltage of any electric source, are 

• See the Rules of the Phcenii Fira Office, at p. 845 ;; uul sdao tlie 
Wiring Rules of the Institute of Electrical Eogiaeers, p, :;4, 
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generally graduated by means of a standard galvanic 
cell, the electromotive force (as voltsl of which is con- 
stant and well known. Either the ordinary telegraph 
Daniell cell, the volts of which are approximately 1-07, 
or Clark's standard mercury cell (volts 1*434) is used 
as a standard of comparison. The electromotive force 
of any electric source (dynamo, accumulator, &c.) is 
really a potential condition, and cannot correctly be 
regarded as similar to head of water or other mechan- 
ical pressure. It may be regarded as the state of 
strain existing between the terminals of the dynamo 
tending to set up a current. If the current be allowed 
to flow the strain is at once relieved, so that in mea- 
suring the potential difference between the terminals 
the voltmeter (although connected across them) is of 
so high a resistance as to prevent the setting up of a 
sensible current. The volt is generally symbolised in 
formula by the letter E (electromotive force). It bears 
a certain practical relationship to the other units of 
electricity spoken of below. 

Ohm. — Electromotive force or pressure cannot exist 
unless there be a certain Resisimice to the flow of 
electricity. Every conductor offers a certain resist- 
ance to flow. This resistance is measured in terms of 
the unit named after the famous enunciator of the law 
of electric circuit, Dr. Ohm. Its physical significance 
and derivation are explained in most of the text- 
books. The ohm is the resistance offered by a column 
of mercury t square millimetre in cross section and 
106 centimetres long at 32° Fahr. 210 feet of No. 16 
standard wire gauge copper wire, at a temperature of 
60' Fahr., exhibits a resistance of one ohm, symbo- 
lised R (resistance). 
Ampere.— T\iG third factor dea\t ■wvt\\.'\i-^ OVkv ^\a.^ 
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is that of current, or flow. It may conveniently be i 
expressed as the electric flow that would occur if a 
volt pressure were applied to an ohm of resistance. 
This current is called an Ampfere after the celebrated J 
French mathematician of that name. It is generally ] 
symbolised C (current). 

The expression of these units brings us to the rela- 
tionship they bear to each other. If, now, a volt of 
pressure be set up at the terminals of a dynamo, and 
a wire measuring an ohm be made to connect them 
together, the current flowing will be an ampere, ; 
explained in other words above. The law is variously i 
expressed 



Electromotive force in volts 
Resistance in ohms 



= current i 



tup feres. 



or the pressure divided by the resistance gives the i 
current. The law may also be written — 

-=? 

or the resistance can be found by dividing the pressure 1 
by the current ; or it may be expressed — 

E = C X R. 

In different words, the current is directly proportional J 
to the electromotive force exerted in, and inverselyJ 
proportional to the resistance of, the circuit. 

Relation of these Units to the Mechanical Power.— 
To set up a current through a resistance, energy musja 
be expended ; this is called Power, or Work, 
unit of electrical activity in a circuit, bearing a direw 
relationship to the work of the steam-engine, is calla 
a watt (746 watts = I electrical horse-power). 
wa.tt is really a volt-ampfere. As an engineer spealfa 
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of so many foot-pounds so does the electrician speak 
of volt-amperes, or watts. When it is required to 
measure the work done by a current in a wire or a 
lamp, it is necessary to ascertain the amperes of 
current flowing through it, and the volts of pressure 
impelling the current. The two numbers so found 
multiplied together gives us the activity or power in 
watts or volt-amperes. 

For example, if it be required to determine the 
power expended in maintaining a certain number oi 
lamps in a circuit, the voltmeter shows a pressure of 
50 volts, and the amperemeter a current of 15 am- 
peres, multiplying these together gives the watts 750, 
which, divided by 746, the number of watts in an 
electrical horse-power, shows that the circuit is con- 
suming energy of a trifle over i horse-power. 

Again, the rule may be applied to a dynamo to 
ascertain its output. If the voltmeter shows 100 
volts, and an amperemeter 10 amperes of current 
flowing in the lamp circuit, the dynamo is yielding 
1000 watts. This output is called, under the provisions 
of the Board of Trade regulation, a kiloivati, and if 
the power so expended be continued for an hour it 
constitutes a kilowatt- hour, which is the unit now used 
for electric lighting, in the same way as " 1000 cubic 
feet" is employed for gas lighting. A machine 
yielding a kilowatt would be known as " a one-unit 
dynamo." The machine is supposed to run at a 
suitable speed, and to maintain the current for long 
periods without heating. The performance of the 
dynamo under these conditions is called its capacity. 
Such a one-unit dynamo would light about 20 lamps, 
h taking 50 watts. As lamps are now made each 
lid probably give a light of \& caittiVe-"£Q'«ejX>'Osv^ , 



\ 




'miNG FOR INCANDESCENT tAHPS; 

watts per candle-power being about 3. Such : 
machine would yield, according to the definition oil 
the watt, i';4 electrical horse-power. 



The Electromotive Force (Pressure) Required. 

For ^o-'iiolt Lamps. — The volts of pressure to be put 
upon the circuits will depend upon two conditions j 
(i), upon the voltage of the lamps, and, (2), the resist- 
ance of the circuits. In a small installation 55 volts 
should be ample when 50-volt lamps are used. This 
allows 5 volts for fall of potential due to resistances 
and for increased fall of potential due to increased 
current when all lamps are lighted, which is a large 
allowance. Five per cent, is usually considered a 
large allowance from dynamo to lamps and back. If 
the wiring be schemed according to the directions 
already given, it will cause a fall of pressure of about 
2 '5 volts for every 100 yards run. That is, if the most 
distant lamp be 50 yards away, 2*5 volts only will be 
lost in leads and returns. 

For loo-voU Lamps. — These lamps are more ei 
nomical to run than 50-volt lamps, but have not thi 
same " life." The loo-volt lamp is very generally 
used in this country. An allowance of 100 volts, at 
least, is made for lamps, with the usual 5 per cent, 
additional for fall of pressure. The greater the number 
of lamps the greater the fall of pressure. This is due, as 
above explained, to the necessarily increased current. 
The fall of pressure of course is a characteristic of each 
installation, and cannot be exactly determined unless 
all the details of the wiring are known. Many of the 
first electricians scheme their wires on the basis ft 
current of from icoo to 1500 ampferes per square ini 
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THE CURRENT REQUIRED. 

of section, proceed to run them, and make a voltage 
allowance after taking the resistances — by methods 
already given — iirst, with alllamps "off" and parallel 
wires temporarily connected at their far ends ; 
secondly, with all lamps connected and terminal 
wires disconnected. 



The Current (Flow) Required, 

In estimating for wiring and lamps it is necessary 
to consider that we are arranging for the continuous 
consumption of power. If we spend as little money as 
possible upon copper conductors — ^just enough to keep 
them from overheating — we are arranging forthe/wajir!- 
mtim of waste of power. The conductors should always 
be as large as possible, or as convenience will allow. 
This will ensure the minimum of waste on the wires. 
The suggestion of Sir William Thomson that con- 
ductors should present an effective conducting sectional 
area of a square inch for each looo amperes of current 
carried, is only a suggestion made for the protection 
of buildings from fire ; it does not imply that looo 
amperes per square inch is the best proportion. Many 
installations are running at 1500 and 2000 arap6res 
per square inch of section of conductor. At the latter 
current the copper would become warm and would 
tend to soften the insulation. At both volumes of 
current great waste of power is incurred in the con- 
ductors. The user of the electric light would speedily 
find that 500 amperes per square inch of conductor 
was a more economical system of wiring than any 
larger proportion. But, as above stated, in house 
wiring conductors are short, and must, from cav.- 
siderations of bulk, be kept thin, so \i)n.av lot &Nisi 
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work Sir William Thomson's rule is probably thai 

best. 

The current taken by lamps varies considerably for 
different lamps of the same nominal voltage and 
"watts per candle." The usual 50-volt lamps take 
appToyi.ima.tely an ampere £ac/t. The ordinary loo-volt 
lamps of 20 candle power take approximately //a// 
an ampere each. 

It will thus be discerned that in estimating a wiring 
system the voltage of the lamps to be used must be 
known, 

But this is rather an unsatisfactory and rough me- 
thod of arriving at the candle power and current. It 
will be seen from the table at p. 146, that the current 
and volts may vary considerably. But it is the custoia, 
to work the lamps at the highest practicable pressure 
so that 100 volts is quite commonly put upon 16 c. p. 
lamps, and 120 volts upon 20 c, p. lamps; hence the 
" watts per candle" (p. 170) is as low as possible. The 
practice of the Edison-Swan Company is to indicate 
all lamps taking more than -9 ampfere at 4 watts per 
candle, and all lamps taking less than this amount 
at 3-5 watts per candle. 

Roughly, an electrical engineer allows half an am- 
pere per lOo-volt lamp and one ampfere per 5o-volt' 
lamp, in estimating his dynamo power. 

According to this approximation the volts and am- 
peres per 100 lamps of the 50-volt class will be, allow- 
ing for " fall," 55 volts and looamperes. For lOo-volt 
lamps 105 volts and 50 amperes. 

Methods of Jointing the Conductors. 

Materials required. — A jointing-tool and mat^lo] 

case, cojitaining suitable receptacles for all the usui 
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tools and material ; or a leather satchel, as used for 
linesmen's tools. 

I small bench vice, i hand vice. 

I insulation knife, i scissors. 

t flat file, medium cut. 

I pair flat-nose cutting pliers, i ditto plain, i ditto 
round nose. 

I lb. tinned wire, fine, for binding joints. 

I soldering iron. 

1 portable soldering furnace, i appliance (Bunsen 
burner) for heating wire by gas, i spirit jointing-lamp. 

i lb. solder. 

J lb. resin, in a box. 

I small bottle Baker's soldering fluid, or solution of 
zinc chloride. 

3 sheets " F. F." emery cloth. 

I tin of india-rubber solution, i do. Chatterton's 
compound. 

I ib, each of J-in. and i-in. thin sheet wrapping 
india-rubber and india-rubber tissue. 

I lb. felt tape (compounded) for wrapping. 

I bottle strong, thick shellac varnish, 2 brushes. 

I ball spirit-lamp cotton, 1 tin best wood naphtha. 

Instruments. — If the wiresman is also intrusted with 
the testing of his circuit (for continuity), he will re- 
quire a linesman's galvanometer or detector, and a 
small dry battery of about six cells. Both the I,e- 
clanche and the chloride of silver cells are used for 
this purpose. These are usually combined in one 
case, with the necessary connecting wires. 

Alethod of making a Common Joint in Gutta-percha- 
covered Wire. — Cut away the insulating material from 
both wires for about 2 inches. Do not notch the 
wire in doing this. Scrape the etvds (^\Xe Oi!e.-M:i~ 
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Place one conductor across the other near to the insu- 
lation, and grip fast with pliers or hand-vice according 
to size of wire. Twist the conductor ends over each 
other alternately until a neat, close spiral is obtained, 
at least i| in, in length. Clip off the remaining 
copper ends, and trim smooth with the file. Again 
clean the joint by scraping. Apply a very little 
soldering fluid (or preferably, resin — see " Soldering"), 
and tin the joint with the iron. Wipe carefully, espe- 
cially if fluid has been used, and it has not been all 
" burnt out" in the tinning. Proceed to stretch down 
the insulation from either side, over the joint. Keep 
the gutta-percha warm over the lamp while doing 
this. Tool the gutta-percha together with a warm 
iron where it meets, and allow it to set before finishing 
the joint. Put on a coat of C hatter ton's compound in 
the middle of the joint, and allow to set. Take a strip 
of thin gutta-percha sheet several inches in length 
and an inch wide. Warm this up and attach one end 
to the joint. Keeping the rubber soft wrap it round 
the joint — it will form an enlargement. Before it 
cools work the wrapping in both directions with 
thumbs and fingers until it extends completely over 
the joint — it should be slightly thicker than the ordi- 
nary size of the insulated wire when done. Tool it 
smooth with a warm iron, leaving it smooth and com- 
pact. The joint should be capable of withstanding 
immersion in water even longer than the general 
insulation. It is essential that the hands and mate- 
rials be clean. 

Joi7it in an ordinary Taped Lead. — Unwind the 
insulation 4 inches from each end and strip off 2 
inches of the interior gutta-percha. Scrape the metal 
clean. Splice or scarp the ends for i \ inches with 
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JOINTING OF THE LEADS. 

the file, so that when placed together they do not 
form a joint larger than the wire. Hold one end in 
the vice, place the other upon it. Touch with resin 
or soldering fluid and carefully solder together. File 
round, and bind upon the joint a close spiral of tinned 
wrapping wire. Solder all together. The covering 
will depend upon the insulation of the wire. Heat a 
long strip of gutta-percha and wrap it quickly around 
the warm joint. Work it lengthways until it com- 
bines with the insulation. Tool it down with a warm 
iron. Cover with a close winding of india-rubber 
coated tape, with coatings of india-rubber solution be- 
tween. The exterior covering is generally compound- 
coated tape, carefully wound in several layers, com- 
bined with the tape unwound from the wire, with 
shellac varnish between each layer. Over all a coat- 
ing of varnish. The joint must withstand continuous- 
immersion in water, 

A T-Jotni or Branch from Main Lead. — Strip, by 
unwinding, the insulation of the main lead for about 
2 inches. Clean the copper. Strip the branch ex- 
tremity for 4 inches, and clean it by scraping. Place 
the branch across the main at right angles. The 
branch should touch close up to its insulation, and it 
should cross the main to the extreme left of the bared 
portion. Hold in position with the pliers. Proceed to 
wind the branch around the main in a tight spiral. 
Apply resin or solution and solder together carefully. 
Wipe clean. Apply coating of shellac varnish. Wind 
cotton insulation from both conductors alternately 
around the main. Shellac and varnish over all. Wind 
on a strip of gutta-percha sheet while soft, and draw 
it well over the joint. Tool it down. Cover with 

t several close windings of india-rubbei:-coa,\&4 X^-^e. ^| 
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with coatings of solution between. Allow the solutiott 
to dry before proceeding. Over all wind two cover- 
ings of felt tape, with shellac varnish. The joint 
must be perfectly clean and smooth, and only slightly 
thicker than the main conductor. If the branch is 
liable to longitudinal strain, bring its end back and 
wind it several times around itself while winding 
bare upon the main. If the main is stranded, 
solder the strand together before winding in the 
branch. 

Joint in a stranded Conductor. — Clear the insulation 
from either end for 3 inches. Separate the central 
strands and cut out both the central wires. Twist 
each pair of wires together separately. Twist all 
together and solder carefully. Make the insulation 
joint as before. 

General Suggestions. — The operation of making a 
good joint calls for considerable practice. Carefully 
stripping the ins^lIation, so that it may serve to lap 
the joint, is an important point. Cleaning and tin- 
ning must be thoroughly done. Connecting or splicing 
must be neat and strong. Wire wrapping must be 
close and neat. Tinning over all must be effective. 
The subsequent operation of insulating the joint is of 
the greatest importance in wiring. The wiresman 
must not forget that he is making two joints at one 
time — a metallic conducting joint and an insulation 
joint. The insulation joint must be quite as effective 
as the metallic joint. This is chiefly produced by the 
skilful use of soft gutta-percha, made to unite with 
the gutta-percha of the wire, or with tape and var- 
nish, forming when dry a solid coating of insulation. 
Unless the joints in a lead be specially made to rests 
strain such a lead must never be subjected to tensicu 
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after being jointed. The main outlook in jointing is to I 
produce continuity of conductor and continuity of insu- 
lation at least as good as that of the general run of the 
lead. Most skilful hands produce joints much r 
conductive and better insulated than the general run 
of the wire. 

Soldering and Tinning. — A much-contested point 
amongst electrical engineers is whether resin or sol- 
dering fluid should be used as a flux. We think a 
answer may be readily found in the following : — If the 
workman is not thoroughly acquainted with the use 
of resin, in tinning copper, let him use fluid. A resin 
joiiitj unless very well made, is very deceptive, and 
may appear to be sound, when a coating of resin may 
exist between the ends to be united. If resin is pro- 
perly and sparingly used, it no doubt makes the best 
joint for keeping, or permanency. The objection to 
chloride of zinc solution is that it is sometimes left 
upon the joints and may set up electrolytic action 
when current is on, speedily destroying the joint. If 
chloride of zinc be left on a joint that joint will 
never become dry. This salt is one of those that 
absorb moisture from the atmosphere. If left upon 
iron, or, indeed, almost any metal, it tends to set 
up oxidation — in the case of iron very rapid. But 
there is no Jlux so certain in its action as soldering 
fluid. There is a variety of it believed to be free from 
most of the objections to chlorine of zinc, known as 
Baker's tinning fluid. This kind is used exclusively 
by the Post Office electricians. If joints made with 
fluid can be washed and dried afterwards they will be 
quite safe ; such a joint is never deceptive. The fluid 
" flux" will make a good joint on a surfa.ce ^q dS-xv^ 
that resia would never permit ftie tto-a to Mtw. Tlaa 
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main provision in soldering joints is cleanliness — pur^ 
bright copper, untouched by hand, j 

A II joints should be soldered. I 

Electric Lamps on Gas Fillings. — The failures that^ 
have resulted from making gas fittings act as a return 
wire, in some installations of the light, should be suffi- 
cient to dissuade any further experiments of the kind. 
Gas fillings are not necessarily conductive throughout — 
joints are generally faulty points. 

But such a fitting as a chandelier may generally be 
made to serve as a " return," within itself only. That 
is, the two wires are brought to it, and one of thera 
soldered to the ceiling fixture of the pendant, the 
other being taken downward to the lamps. Wire for" 
this purpose must be very heavily insulated, and it 
must not be led or drawn over sharp angles of the 
metal, otherwise it may set up short-circuiting. When 
gas fixtures are to carry electric lamps only, the gas" 
pipes should be disconnected from them, otherwise 
short circuits are apt to be got throughout the system. 

If both gas and electricity are to be used, the fix- 
tures should not, except within themselves, be used 
for return, and in any case it will be essential to ob- 
serve that the negative wire (if that wire be regarded' 
asthe"return")isineverycasesoldered to the fixture,, 
and not any wire at random, whethernegative or posi- 
tive. Insulated joints for insertion in gas systems are 
coming into use for cutting each fixture off electrically 
from the main system of pipes. The gas supply ig 
kept up through a tube of insulating material. 

All electric lighl -wires must be kept a safe distai 
from gas or water pipes. 

A fusible plug must be placed in the ceiling plat 
above each pendant carrying more than one light. 
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It may be broadly stated that all electric light fix- 
tures must be insulated from any metallic support 
they may have. 

In the ordinary wiring of a chandelier the lead and 
■branches are simply led along the course of the arms, 
concealed as much as possible. If the wires can ba 
completely concealed, that is don« by inserting them 
beneath the ornamental coverings or shells. One 
wire only is taken to each lamp. The other contact 
is got by soldering the negative terminal of the lamp, 
or its wire attachment, to the body of the chandelier. 
Thus, the pair of wires led to the ceiling opening over 
a chandelier will form a pair of " mains," and the 
branch wires the "branches." 

In wiring gas fixtures in which there are joints the 
connection is kept up across the joints by short 
spirals of insulated wire, flexible enough to move with 
the joints without danger of breakage. 

Electric light fixtures, intended for that purpose 
alone, are generally already wired by the makers, and 
are specially adapted, so that their fitting is a com- 
paratively simple matter. There is usually provision 
left in the ceiling rosette, or wall-plate, to allow of 
the insertion of a fusible plug there — a precaution 
which is generally observed in the case of electroliers 
with several lamps attached. 

The fitting of the incandescence bulbs themselves 
to the gas fixtures is greatly facilitated by the use of 
"adapters" consisting of screwed nozzles fitted to the 
lamp, and with gas thread to take the place of the 
ordinary burners, usually | in. gas thread. But it is 
rather unusual and unnecessary to attach the glow 
lamps so that they take a vertical position, as in the 
case of gas burners. It is generally ■mote e^e^dvjeXa.' 
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arrange them pendant from the chandelier. This is 
easily effected by the use of ^^ pendant arms'' with 
screwed nipples, to be fixed in the place of the gas 
burners. The lamps can, by these means, be arranged 
either pendant or at an angle of 45° with the vertical 
— a favourite and effective position for an incandes- 
cent lamp. 



CHAPTER VL 

INCANDESCENT LIGHTING OF SHIPS. 

The rapid adoption of electric light aboard steam- 
shipa has caused a considerable demand for informa- 
tion on the subject. We propose therefore to offer a 
few hints and suggestions bearing upon the condition 
of things suitable for use at sea. But the subject is so 
wide that ship lighting might well require a treatise 
of considerable size to fully do it justice. Premising, 
however, that the reader seeking this special in- 
formation is already acquainted with what we have 
written on house lighting, it may be practicable to 
embrace the chief points of interest within even the 
restricted space at our disposal. 

Dynamos. — For use aboard ship there can be no 
doubt that slow speed dynamos give the least trouble. 
The importance of providing a ship with electric 
machinery that calls for little attention can only be 
appreciated by those who have been at sea, where the 
electric lighting has usually to be looked after by the 
engineers in turn as they come on watch. The me- 
chanical engineers, although perfectly competent in 
their profession, are not to be expected to pose as 
experts in the handling of dynamos or faulty circuits. 
Hence, apart from mere mechanical attention, the 
ship dynamo should not need any kind of supervision, 
This condition is perhaps better filled b-j a. tom.-^wi»ft.- 
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(series and shunt) wound dynamo, running at 
speed, than by any other kind of machine. It must 
give a self-regulating current and pressure suited to 
the lamps. The compound-wound dynamo, if well 
designed, can be made to regulate so closely that if 
half the lamps be suddenly turned off or on scarcely a 
flicker will be observed in the remaining lamps. A 
ship dynamo should be self- regulating down to at 
most 10 per cent, of the lamps. 

If loo-volt lamps be used, the dynamo is generallj'' 
selected to give a pressure of i lo volts at least, with a 
minimum of half an ampere of current for each lamp. 
Thus, if looo hundred-volt lamps are to be run, the 
dynamo must give at normal speed 500 amperes at 
1 10 volts. 

If 50-volt lamps be used, as is generally the case 
aboard ship, the dynamo must give a current of 1000 
amperes at 55 to 60 volts. These figures are approxi- 
mate only, depending upon the "watts per candle" 
of the lamps to be used ; upon the size of the leading 
wires and the insulation employed. The lower pres- 
sure and larger leading wires are doubtless most 
suitable for ships ; but the expense of running the 
light is somewhat greater than when high voltage 
lamps are used. The volts of the dynamo should in 
no case be leas than 50, on account of the necessity 
for the use of arc lamps aboard ship, for canal ni 
gation and unloading or loading at night. 

Driving. — A good deal of controversy has takeit 
place as to the comparative advantages of belt and 
direct driving. There can, we think, be little doubt 
that direct driving — attaching the dynamo direct to 
the engine shaft — is the most generally applicable 
plan. Several special engines have been designi " 
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for this purpose. A special separate engine, nicely 
self-regulating, is an absolute necessity. The main 
engines of a steamship in rough weather run at 
speeds, and cannot be utilised for driving a dynam 
the machine is used for lighting lamps direct. Main- 
engine driving has, however, been tried where thi 
lamps have been run off an accumulator. But if i 
comes to a question of special engine versus accumu 
lator, the engine has decidedly the best of the case. 
A large battery of accumulators is scarcely suitable 
aboard a ship, unless the vessel carry a qualihed 
electrician to run the plant, ... 

While speaking of accumulators it may be men- 
tioned that a smalt battery of them is extremely useful 
for keeping the "all night" lights going, after the 
dynamo has been stopped. Such a battery is usually 
charged by running the dynamo upon it during the 
day. But for ship work a battery of 26 cells appears 
quite sufiicient. Such an installation can only be run 
satisfactorily when tended by a man acquainted with 
both dynamos and accumulators. P'or further in- 
formation as to the running of accumulators the reader 
is referred to Chapter II., p. 42. 

Disturbance of the Compasses in Ship Lighting. 

The "Nautical Magazine " for December, 1885, con- 
tains a contribution from Mr. William Bottomley on 
the subject of the probable interference with the com- 
passes by the currents used for the electric light. 
The following example of a supposed case showing 
the amount of error which may be produced on the 
compass unless precautions are taken to guard against 
it is there given : — 
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I Suppose a main lead from the engine room to tha^ 

M fore part of the ship to light up loo lamps is broughtS 

along the centre of the ship. It may be at a distance 
of lo metres or 33 feet from the standard compass, 
and will run almost underneath it. If we suppose 
that each lamp takes one ampfere of current, there will 
be a current of 100 amperes altogether in this lead.* 
Now the effect on the compass at a distance D in 
centimetres is given by the formula 
F = 2 XtVC 
HD ' 

where C is the current in ampferes and H is the hori- 4 
zontal magnetic force. In this case we have C = looif 
amperes and D ^ 1000 centimetres. Therefore 

p 20 0'02 

1000 H H ' 
At Glasgow the horizontal force may be taken as 0*15! 
in C.G.S. units. Therefore the effect upon the com-J 



pass will be ~ 



7-5 



This will be expressed inl 



degrees by multiplying by 57-3 the number of degrees J 
in the radian, or angle subtended at the centre of a J 
circle, by an arc equal in length to the radius. There- J 
fore the amount of error produced by such a currentj 
on the compas will be 



57-3 - 
7.5 ' 



: 7-5 degrees. 



The foregoing refers to a single wire and a con- 
tinuous current machine, but if an alternate current 
machine is employed no effect will be produced on 
the compass, even when the ship's side is used for the J 
* Jt is Dnuaual, however, to put raote than 5a lamps upon a dn^le ] 
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[return. When a continuous current machine is used 
the danger of producing an error on the compass can 
be avoided by using two wires close to one another, 
but these wires should be well insulated from the 
ship's side. If in any way one of the wires is brought 
in contact with the iron of the ship, there may be no 
change observable in the lighting, but the current 
may produce as much error on the compass as it 
would if there was only a single wire. 

The following points should therefore be attended 
to in cases of lighting ships by electricity ; — 

When a continuous current machine is used the 
circuit should consist of leading and return wires, as 
in house lighting, with this difference, that the wires 

t should be kept close together wherever practicable. 
Insulation resistance should be tested periodically 
to ascertain if there be any leakage to the ironwork 
of the ship. 

These precautions are recommended because in ship 

lighting, as commonly carried out, only a leading 

wire is used, the " return " being effected through the 

shell of the ship itself, e.g., no negative wire is used. 

In the case of an alternate current machine a single 

Iwire may be employed, and the iron of the ship used 
to complete the circuit without producing any effect 
upon the compass. 
Error not readily Detected. — The question assumes 
greater importance when we consider that the error of 
the compass due to the electric lighting is not liable 
to come under the notice of the officers of the vessel. 
The routine is to determine the error (the usual 
working error) of the compass during the day, while 

Ithe electric light is not employed. Tlie error may thus ^ 
be determined as usual every day, and tUe cdM-t^s. ^V ^| 



the ship set by these determinations ; but when the 
electric light is turned on, the course of the vessel 
may be changed, and before the light is turned off 
she may be several degrees out of her path. 

Mr. Bottomley refers to the case of a dynamo being 
placed near to an iron bulkhead, the upper end of 
which happens to be near to the compass. It is as- 
sumed that the bulkhead may become so strongly 
magnetised by the field magnet of the dynamo that a 
considerable error may be produced on the compass. 

In the discussion that followed a paper read by 
Mr. Bottomley at the Society of Arts,* in which 
several authorities on the subject took part, including 
Captain Creak, of the Admiralty Compass Depart- 
ment, the case of three ships lighted on the single- 
wire system with continuous currents was cited, in 
which distinct error had been observed upon the 
compasses when the lights were turned on. 

Sir William Thomson f mentions cases of large 
passenger ships lighted by continuous current on the 
single-wire system, in which as much as 4° and 3" 
of error on the compasses had been produced by the 
electric lighting. In the latest of these cases an error 
of 4° on the north course was found when the light 
was turned on. The light was put on and off several 
times with the ship's head north, and every time the 
same error was produced. 

Mr. Alexander Siemens, another well-known aui 
thority on this subject, points out that in calculatioai 
that have been made to show the effect upon the 
compass of the electric-lighting current, the screening 
effect of the iron decks had been neglected. He is 

• " Journal of the Society of Arls," Feb. S, 1386. 
t See paper on the subject read before the Institute of Electriod 1 
gineers. Hay, 1889. 
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©MPASS DISIURBANCE. 

I of opinion, judging from practical experience, that 
two wires are unnecessary, and that the disturbance 
of compasses is only brought about by running 
single leads close to them, or situating the dynamo 
in immediate proximity. 

Captain Creak instanced the case of a war ship, in 
which the direct compass disturbance due to the 
generating machine was appreciable at a distance of 
55 ft., and across iron bulkheads, and that it was 
perceptible also in ships of the Royal Navy lighted 
on the two-wire system. In the case of H.M.S. 
Northampton there was considerable trouble due to 
"magnetic leakage" from three dynamos placed in 
such a position that the external field produced was 
directed towards the compass. The error on the 
compass was 1 1° when all the machines were running, 
and three correction tables were necessary. 

Test for Compass Disturbance due to the Currents. — 
It is now usual, since attention has been called to the 
subject, to apply a test before the ship leaves dock to 
have her compasses adjusted. This is simply effected 
by putting on and off the lights, and observing the 
compass. This is done as the needle stands, and also 
after it has been artificially deflected from its position 
to the extent of 45" on either side of zero by means of 
a small permanent magnet suspended above the glass 
case. 

I It is clear, from the extensive experience that has 
been gained on the subject, that by the use of dy- 

' hamos diffusing little magnetic leakage — possessing a 
compact magnetic field directed only upon the arma- 
ture — as now constructed the faults due to this factor 
can be overcome. The dynamo must of course be 
kept as far as practicable &om the coia'ga.%^. 
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There can be no doubt also that hundreds of shipi. 
have been supplied with electric light on the single- 
wire system, in which the error on the compasses is 
very slight, if at all appreciable. 

This is usually effected by keeping the leading wire 
as near to the ship's side as possible, and by observing 
that some iron screen, as the upper deck, interposes 
itself between current and compass, 

Ship Wiring. 

So much has already been said with regard lo house 
wiring that only the main peculiarities of the methods 
observed in ships need be noticed. 

Single-wire Work. — Since there is no return wire, 
and since, by connecting the negative poles of the 
lamps to the iron work of the ship, the negative is 
practically earthed, very good insulation must be used. 
The wire employed must first have a conductivity at 
least as high as 95 per cent. It must be insulated in a 
very thorough manner with pure india-rubber, com- 
bined with cotton insulation or other substance, and 
completely vulcanised, as spoken of at p. 150. The 
exterior protection must be strong, and adapted to 
withstand the roughest handling. Tlie rules given at 
p. 86 will apply to the covering of the cable, and at , 
p. 146 to the selection of a conductor of sufficient ■ 
carrying capacity. In ship wiring, when thewires can 1 
scarcely be kept free from damp, the insulation mu5^ J 
be especially effective. a 

The general opinion is in favour of simple cleE^I 
wiring, without casings, when it can be employed^iV 
below decks. The cleats used are single-groove 1 
cleats. I 
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Connection with the dynamo is got by bringing a 
thick piece of cable from its negative terminal and 
making a good connection to a large copper or gun- 
metal stud screwed into the iron work of a bulkhead, 
or any main piece of the ship's shell. The leading 
cable's insulation covering is kept away from actual 
contact with the iron work. When it is run along the 
ship's side or under an iron deck "runners" of wood 
are interposed. These runners should be varnished 
or soaked in melted paraffin wax, to prevent the 
absorption of moisture. It is usual to run the lead 
under the main deck, and to take from it branch wires 
to the lamps to be fed. In the case of a single lamp, 
situated away from other lamps, its negative or return 
would be made by attaching the terminal by means of 
a short piece of copper wire to a brass stud screwed 
into the nearest iron work. In the case of groups of 
lamps one such stud is made to answer for several 
lights. These are known as " return studs," 

Joints in the leading cable are usually not only 
made with extra care, but are afterwards protected 
by cast-iron joint boxes, and the same boxes are 
generally fixed over connections to branches, at which 
point also a fuse is of course inserted. 

Precautions against iire are taken by the use of 
double-pole fuses at the dynamo, and the insertion of 
one at every branch root, and frequently a fuse is 
inserted for single lamps. A fuse is of course put to 
every cluster of lamps, as in house wiring. 

The wiring of ships is generally carried out OQ the 
parallel system (p. 125}, with only one lamp between 
lead and ship. The tension employed, as already 
stated, is not often over 50 or 60 volts. 

The two-wire system is not so esAetvavjcX-j -vi-^ai. *; 
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it should be. When it is installed the insulation ( 
the wire need not be so heavy as is required i 
single-wire system, and with a view to the protection 
of the compasses the lead and return should, when 
practicable, be run within a few inches of each other. 

Saloon and cabin wiring must be done under 
casings or mouldings, as explained at p. 177. There 
is one point in wiring a ship that should receive at- 
tention. Insulated wire does not last in use indefi- 
nitely. It may have to be renewed every few years. 
For this and other reasons the position of the wires 
should be such that they may be accessible for!] 
purposes of repair or renewal. ■ 

Ship fittings are a class of themselves. They aron 
usually of a very solid make. The bulkhead and \ 
engine • room and passage - way lamps are placed 
behind glass screens, and protected by iron gratings. 
Side lights are also coming into use, fed from a I 
branch taken from the nearest main. Each cabin 1 
lamp has its own switch. The saloon lights are con.' 
trolled by the attendants by means of a main switch. 

The main switch-board is generally placed in tha 
djmamo room, which is usually the engine room, and 
is fitted to control (i) the "cabin's circuit," (2} the 1 
" saloon's circuit," [3) the " officers and men's circuit," I 
separately, as may be convenient. Thus there are ] 
frequently a number of separate circuits run, so that I 
any one section of lamps may be controlled separately. 
It is rarely that more than 50 lamps are placed in a J 
single circuit. ■ 

Compass Electric Lamps. — These are now in extensivoB 
use, and are a practical success Major Cardew stated^ 
that he had carefully twisted the two leading wires toJ 

* Uteliug of the Icstilute of Electiicol Engineers, May jj, 1S89. ^| 




ELECTRIC LIGHT PROJECTOR. 

[ gether to eliminate 
-the effect of their 

induction upon the 

compass, but that 

the current in the 

filament of the 

lamp itself affected 

the compass, and in- 
troduced an error. 

Better results have 

followed the use of 

lamps placed axi- 

ally over the com- 
pass for obviating 

this inductive effect, 

and there can be 

no doubt that bin- 
nacle lamps lighted 

by the current will 

soon become the 

best possible 

source of light for 

a compass in rough 

■Weather. 
I Suez Canal Pro- 
jector. — Owing to 

the successful use 

of the electric arc 

light the traffic has 

been carried on 

through the Suez 

Canal by night for 
hBome years past. --s-— - - •j^.l.„-i,„„, r„c,a,ig.. 

The arc lamp is placed wltVim a ^to^fecxcre -^^MisXcj 




Ji^hting of the ship, 
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arranged as in Figs. 8&' 
and 89, which represents 
the form lotted to ships 
by Messrs. Paterson & 
Cooper. The projecting 
portion, shown in front 
elevation in Fig. 88, and 
in section in Fig. 89, is 
controlled by the hand 
wheel and worm-gearing 
shown. The front of the 
projector is fitted with 
the usual optical ap- 
pliance for concentrating 
the beam in a given path. 
These projectors are 
generally slung over the 
bow of the ship, at such 
a height above the water 
as will give the 
effect. The projector is 
generally placed 
cage, and is kept in 
adjustment by an 
tendant who occupies 
the back of the cage. 
The maximum current 
put upon the projector 
is 60 amperes at a pres-i 
sure of 50 volts, and 
is now common to ruit] 
it off the dynamo 
ployed for the general 
choking coil " is usually 
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placed in series with the arc lamp, absorbing about 
15 volts. 

Electric projectors and apparatus are frequently 
hired by vessels passing through the Canal, when 
they do not carry a dynamo, or when the lighting 
plant aboard is working up to its full power on the 
general lighting of the ship. The night navigation 
of the Canal is very greatly facilitated by the free use 
of arc lamps placed along its sides for considerable 
distances. If this system were extended it is pro- 
bable that the use of projectors aboard the vessels 
would be unnecessary. 

Installation of the " City of New York" 
(Inman Line). 

Within the past ten years perhaps no greater de- 
velopment has taken place in large steamships of all- 
nations than in the system of illumination. 

Amongst the best examples of this the electric 
light installations on the Atlantic liners City of Nem 
York and City of Paris (Inman), and Majestic and 
Teutonic (White Star), come well to the front. In 
selecting the first-mentioned steamer, we propose to 
give a brief description of her electrical outfit, of 
which her sister's is a, facsimile. 

Lffivcr Dynamo Room. — Slightly lower than the 
bottom platform of the engine-rooms, in an entirely 
separate compartment, is the dynamo room, having a 
length of about 20 feet, breadth 20 feet, height 1 1 feet. 
Here are placed four compound engines which run at 
200 revolutions ; on the same bed of each is placed a 
compound wound dynamo (Gramme armature) 14J 
inches diameter by 16 inches long. The towv.'wwk.- 
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tator, which is of hard-drawn copper, contains 64 
sections, the output being 250 amps at lOO volts. 

The switchboard, which is 4 feet by 3^ feet, slate 
base, is equipped as per diagram (Fig. 90). 

Arrangement of Circuits. — The lamps are arranged 
on three circuits ; each of these again is split up into 
six and controlled by separate switches, which are 
seen on the upper part of the board. The four circuit 
switches below these can each close any of the 
circuits, the two below these again being coupling 
switches, coupling two or the three circuits together 
as required, the lower four being the main switches. 
It may be mentioned here that only three dynamos 
are running when the full load of lights, motors, &c., 
are going, the remaining engine being kept slowly 
moving in case of emergency. 

Referring again to the diagram of the switch- 
board, it will be noticed that the centre branch 
circuit switches differ from those on either side, their 
fiinction being to equally distribute the load on any 
two machines. 

After 11.30 P.M. a large number of lights are ex- 
tinguished in the saloons, smoke-rooms, library, 
drawing-rooms, &c. ; the three circuits are then put 
on to two machines, which are found to be equal to 
the work, but frequently the load is very unequally 
distributed, the object of these middle-knife switches 
being to correct this. The reader will notice three 
rows of clips corresponding to the three circuits, 
marked b c a. When three machines are running 
these switches are placed so as to close each circuit 
separately, each machine taking one, but on stopping 
the machine running this middle circuit (b) all the 
hghts on it will be extinguished unless that circuit 
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is closed into one of the others. As each arm corre3-« 
ponds to one of the branches of this circuit, by bring- 1 
inj^ them into the clips of the other two the lights , 
will be maintained. Suppose on putting the current 
from machine i through an ammeter it is found now J 
to have a greater load on than machine 2, it is only J 
necessary to distribute these knife-arms between thafl 
two machines, so that machine 2 gets more branch-* 
circuit than machine i. ■ 

In port it is frequently only necessary to keep onel 
machine running. In this case all three circuits aro^ 
coupled together by the two coupling switches shown. 1 
This plant was manufactured by Messrs. King, Brown 
and Co., of Edinburgh. 

Upper Dynamo Room. — A room in another part of 
the ship, on the main deck, is furnished with two 
"Castle" dynamos, compound wound slow speed, 
driven direct by Gwynne compound engines. Each 
of these machines when running at 230 revolutions 
has an output of 200 amps and 100 volts, steam being 
supplied by boilers on the same deck. A separate 
switchboard controls the lights supplied from these 
machines as per diagram (Fig. 91). Hence it will be 
apparont that in the event of an accident causing the 
engine-rooms or stokeholds to be flooded, the Inman 
Company have very wisely provided against anything ' 
like a panic occurring amongst passengers owing to 
the ship being in darkness. The dynamos and switch- 
board in this room were manufactured by Messrs, J. 
H, Holmes and Co., of Newcastle. J 

Lighting is by no means the only thing for which.1 
the current is used ; ventilating and refrigerating arej 
also subject somewhat to its influence. A number of J 
electric ventilators from i to ^ horse-power are usedj 
some fcr forcing air into diSerent sectiotis oi thp-shi^^J 
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■ and others for exhausting it. The rotary brushes in 
the barber's shop are actuated by an electro-motor. 

Another motor taking approximately 6,000 watts, 
and geared for slow speed, is used to drive the 
ammonia pump of one of the freezing machines; 
carbon brushes are used, and when once set this 
motor will run for weeks without the slightest atten- 
tion except oiling, performing its work satisfactorily. 

I A rheostat is provided by means of which its speed 
can be varied to suit the work. The current supply- 

I ing this motor is generally generated by one of the 
"Castle " dynamos before mentioned, but any of the 

\ other machines vacant can be used. 

A search-light apparatus is provided, this being 

' worked from the forward part of the ship, and regu- 
lated by the four-coil resistance shown in p'ig. 91. 

Several smaller electro-motors of about ^ horse- 
power, used for clearing smoke-rooms, &c., and a good 
supply of portable lamps for working cargo and other 
purposes complete the installation. 

The number of lamps maybe taken as 1,250, which, 
with the exception of a few 32 c.p. and 50 c.p., are ex- 
clusively 1 6 c.p. 

Here follow a list of the number of lamps used in 
some of the principal rooms of the ship, and the parts 
supplied by the different circuits, &c, : — 



FiRsr Class. 


Seconu Cuiss. 




Ni.inl.tr 




Saloon . 


. 40 


Saloon . . . . 10 ' 


Saloon dom 


e . . .60 


SmSke-room , . . 5 


Smoke-roon 
Library . 


* ; ; ■ J^ 


Starlioatd engine - room 
and tunnel . . .36 


Drawing-ro 




Port engine - room buJ 


Grand stanc 


aie and ^jloon 
. . . 15 


tunnel . . . .36 
S;ol.elio!ds . . .36. 
Djnamo room aQ'«w^ . % 


Fast Ciats Stdom Extaaioa now ii 





Referring again to the diagram of switchboard:! 
(Fig. go), the i8 circuits supply the different parts a$m 
the ship as follow ; — 
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I. B deck staiboard for'aid. 
a. B deck imidabips port. 
3. „ foi'atd porl:. 
^. „ aft port. 
5. Main deck ibi'ard port. 

7. Search light. 

E. Maio dctk aft port, 

9. Lowei: „ „ 




10. Lower deck Tor'ard port 

and starboard. 

1 1 . Lower deck aft starboaid. 
iz. Boilers' space. 

13. Maia deck starboard afl. 

14. „ ,, „ fur"ard. 

15. B deck starboard aft. 
lb. „ „ amidsbipl, 1 

17. A deck port. ■ 

18, „ slarboaid. 

Looking at the sketch of switchboard No. 2 (Fig. g ij 
it will be seen that all the branch circuits can be plac* 
in either the position shown, i.e., on the left hai^ 
bottom stud, or they can be reversed and placed ( ' 
the stud to the right. One position disconnects ■ 
the circuits from the main switchboard (No. i), anfl 
the other puts them in connection with it. 

The two switches at the bottom of the board are the 
main switches, and the ceHtre one the coupling switch. 
The board is also provided with an ammeter and volt- 
meter, which read from zero to left for one machine, 
and from zero to right fer the other, this change of 
reading for the former instrument being made by the 
double switch shown below, and for the latter by the 
smaller switch between the two instruments. 

Below these, again, are two automatic resistance 
arrangements, which on an excess of current in either 
machine insert one of the resistances shown into the 
shunt circuit. 

The two-way switches on separate boards on either 
side are for the use of either the refrigerator motor or 
the light. 

ftactical Scraps. — Those who have never been to sea> J 
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can form but a vague idea of the difficulties which,,™ 
have constantly to be met by the electricians on SkM 
large ocean liner. ■ 

SaU ]Vaier and Bad Contacts. — One of the mosw 
troublesome things to contend with is salt water. ■ 
In those ships which have what is known as a ship 
return, i.e., all negative wires being connected to the 
" iron " of the ship by means of a screw or put under 
a nut, trouble frequently arises owing to the salt water 
getting round these connections and causing the con- 
tact in time to become faulty, and fuses to "blow" _ 
more frequently than they should do. Happily this, J 
fault is generally found in places which are very J 
exposed, and does not give much trouble in the lower,! 
parts of the ship. I 

Position of Plant. — A greater mistake cannot be j 
made than in placing the electrical plant athwart- I 
ships, that is, with the shaft running in a direction at 
right angles to that of the main engine. Such plant 
is sure to cause more or less annoyance by the ship's j 
rolling, especially if the engines have heavy fly-wheels, J 
owing to the weight of the shaft being thrown first-1 
against one side of the bearing-brasses and then th&J 
other. This state of things becomes most troubtesomei 
when the ship takes a "list" for two or three days;! 
there is usually much trouble then with heated bear-l 
ings. Undoubtedly the best position for such shafts i» 
"fore and aft." ■ 

Dynamos not equal to their work under certain con^k 
ditions. — A word respecting this may not be out o^ 
place. In some ships it not unfrequently happensl 
that when once a dynamo is started it continues tctl 
run without stopping for weeks together, and this mm 
a hi^h temperature of perhaps lOo degrees to 130! 
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flegrees Fahr. Manufacturers of dynamos should 
guard against this by making them of a greater out- 
put than specified for, giving ample clearance to the 
armature in case it should expand and strike against 
the pole pieces- 
It is not an uncommon thing to find a machine made 
for 200 amps get so hot under similar conditions as 
above described with 150 amps, that it would almost 
be impossible to place a hand on the armature or field 
coils. This state of affairs very soon destroys the 
insulation. 

Speed of Dynamos. — This, if possible, should not 
exceed 400 revolutions per minute ; if slower so much 
the better. A fast running machine is almost sure 
to give trouble at sea, whatever it may do on land. 

Protection of Wires and Short Circuits. — The plan 
now generally adopted, especially for engine-rooms 
and stokeholds, if ship return be used, is to run the + 
wires in iron piping fastened to the ironwork of the 
ship by saddles, a split junction-box being used where 
a branch is taken off. This is unquestionably the 
best method of protecting the wires where they are 
subject to rough usage. Occasionally, in places where 
this piping runs in a horizontal direction, and it has 
to be taken down, there will be found inside a mixture 
of moisture and iron-rust. Now, in time, unless the 
insulation of the wires be very good, this causes it to 
become rotten, the wire partially touches the piping, 
and finally parts at this point. This piping being 
screwed to the iron of the ship a bad leak is caused. 
The fuse may go, and with it the lights beyond this 
point. 

This will necessitate the piping coming down, and 
If there be many lights between tViVs ■2Q\.'ft.\. a.wi *C&a 
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nearest fuse which it is necessary to maintain, great! 
care should be taken in removing this piping to pre- i 
vent the wire again touching. 

The electrician unscrews the saddles and junction- 
boxes and gently eases the piping out of its place 
until it is clear of the ship, holding it with a piece of 
dry rag or waste. When once clear of the ironwork, 
if the wire does again touch the piping no lights will 
be extinguished nor even a shock be felt. 

Rats and Wires. — Where wood casing is used rats 
will now and again "sample " a wire and its casing, 
especially if it be an obstruction to their track, leaving 
the wire bare, which may touch one of the screws hold- 
ing the casing to the ironwork, and cause a short 
circuit. 

Lamp Breakages. — A rnost expensive item is the 
renewal of lamps in a fast steamship. The vibrations 
resulting from the speed and power of the engines 
cause the filaments to break frequently after the lamp 
has been renewed but a few hours. This breakage is 
most frequent in theregionof the engine -rooms, stoke- 
holds, and fan-flats. If, however, the holders be of 
the screw-socket pattern, by noticing if the filament 
strikes the bulb in any particular place and screwing 
the lamp round until the strongest position of the 
filament is in the direction of vibration, the life of the 
lamp may be considerably increased. 

Now that fast passages and powerful steamships 
are the order of the day, there is a great need for a 
1 6 c.p. 100 volt lamp having a stout filament or fila*J 
ments, 

For such places where the breakages are most £ 
quent any kind of fancy holder is out of the questioia 
on account of rough usage. 




STREET CABLE WORK. 

The distribution of current for lighting purposes is 
effected through one of two distinct systems. These 
are the overhead wire system and the underground 

► cable system. Although both systems have been 
extensively used, the underground system is by far 
the more important, especially in Europe. Of the 
overhead system several of the most important points 
have been touched upon in Chapter IV., and since 
this method of distribution is not likely to be tolerated 
to any great extent in Europe, we may confine our 
observations on street cable work to underground 
systems only. The Edison companies were the 
pioneers of the underground systems, and the Edison 
three-wire plan was the first successful one introduced 
into this country. Since its introduction it has under- 
gone a gradual change, owing to various improve- 
ments added from time to time, and as now used 
may be taken as a very complete solution of the 
problem of street distribution. 

Edison Three-wire Street System. — The conductors 

consist of solid copper rods, usually 20 feet long. 

They are overspun with hemp. Three of these are 

L then mounted within a steel tubCj and t&v'^ nj^^ 
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apart. The steel tube is rather shorter than the con- 
ductors. The tube is filled with molten bitumen. 
This is done after the conductors are in position, and 
to ensure that the bitumen shall fill 
all the intricacies, a vacuum is 
created within the tube, the atmos- 
pheric pressure from without forcing 
the molten compound into the tube. 
The insulation of the conductors thus 
consists of solid bitumen, and the 
whole is protected from mechanical 
"""'"'' """'" injury by the steel envelope, Fig. 92. 

Sections of the street system, 20 feet long, are thus 
ready for delivery upon the ground, ready for jointing, 
Edison Main Jointing. — The method of jointing 
now generally practised is as follows : — Short pieces 
of flexible (stranded) cable, having a section equal to 
that of the copper rod, are furnished with lugs or 
sockets. These sockets are sweated on to the ex- 
tremities of*the copper rods, forming three junction 
pieces. Since these are flexible, any deviation from 
the straight line of the main, as in passing round a 
curve, takes place at the flexible coupling. In order 
to ensure the insulation and protection of the joints, 
joint-boxes are employed to entirely cover the con- 
nections. These consist of three parts, first, a large 
split elongated cast-iron case, and two end cases or 
sockets fitting into the ends of the main case. These 
latter sockets form ball-and-socket joints, to allow 
any required deviation from the straight path. The 
main box, as already mentioned, is made in two halves 
and afterwards bolted together. The end ball-sockets- 
are also in two halves. This system of jointing 
allows of the required flexibility in deviating from the 
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straight line in laying the mains. The joint boxes 
are finally pumped free from air and hot bitumen 
drawn iu to ensure both the rigidity and insulation of 

I the joint. 

At certain intervals along such a line branches 

I must be provided for and also accommodation for 
5 or equalisers of pressure. Feeder and branch 
isoxes are of the construction already described, except 
that the main or central box has a branching outlet 
from its side midway, forming a T piece. This is also 
provided with a bail-socket, and the electrical con- 
nections are by means of flexible pieces of cable, 
provided with lugs, as before described. 

This system of mains is merely buried in trenches 
of the required depth. Man-holes, to allow of the 
branching oif of service wires, are provided at intervals, 
as may be required by the district being served. 

Efficiency. — Several years' experience with these 
mains would appear to indicate their suitability to 
purposes of main distribution, more especially when 
large currents of low tension are to be carried. But 
the diiEculties of keeping them watertight arc by no 
means to be overlooked. Repairs to mains of this 
kind are always an expensive item in the upkeep 
account. 

Cro}npton's Syslem of Mains. — Distribution on the 
three-wire system at low tension is the distinguishing 
feature of the Crompton system, which, however, is 
peculiar in the employment of bare copper conductors 
supported at intervals on insulators in a dry culvert. 
The culverts built in London for the Westminster 
Electric Supply Corporation consist of a trench, lined 
with concrete, formed under the footway. The depth 

I of this trench is usually 12 inches, with. a. -«\.&}q. oS. a.'j, 
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inches. The average thickness of concrete is about 6 
inches. Glass insulators are supported upon wooden 
cross-bars, built into the concrete. Each bar carries 
three insulators. The distance between the bars 
varies from lo to 20 feet. The height of the cross-bars 
allows of a space of about a inches beneath them and 
the bottom of the culvert, for drainage purposes. 
The glass insulators have their stems deeply cor- 
rugated, so as to increase their resistance to leakage 
[Fig- 93)- 
The conductors consist of copper strips. These a 
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usually I inch in width by ^ inch in thickness. As 
the system is the three-wire one, three lines of these 
are laid. Each line usually consists of two or more 
strips. There being considerable space between the 
insulators the copper strips tend to sag downwards. 
This is counteracted by a tightening or stretching 
system. At intervals along the length of the culvert 
are built pairs of extra-thick oak bars. These carry 
insulators, and also clamping posts of gun-metal. 
Tension is put upon the lengths of strip and the 
clamping screws are then set down upon them, 
securely fastening them in that condition. The top 
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\ of the culvert is covered by a flagstone. Man-holes 
are placed over each insulating bar, and these also 
serve as boxes from which service wires are branched 
to houses on the system. Drainage of the culvert is 
provided for by giving it a drop towards suitably- 
placed collecting wells. 

The Crompton system, which has been on trial 
successfully in London for several years, has lately 
been considerably modified by Prof. Kennedy. The 
main feature of the Kennedy system consists in the 
provision of a greater number of insulating supports 
along the course of the culvert. The object of this is 
to render unnecessary the tension arrangement of the 
Crompton culvert, and to permit of the conductors 
being run in the culverts after the latter has been 
completed and covered in. The system of laying the 
conductors consists in the employment of a drawing- 
in trolley, which is designed to run upon a ledging 
provided upon either side of the culvert. The lengths 
of copper strip, which are usually 150 feet long, are 
attached to the trolley, and the latter is then drawn 
through the culvert by means of a rope previously 
passed through. The trolley leaves the conductors 
upon the insulators in its course. This plan renders 
unnecessary the considerable number of man-holes 
used in the Crompton system, and thereby lessens the 
cost of construction. Two sizes of culvert are used 
for the Kennedy mains. The three-wire distributing 
main is run in a culvert 15 inches in width and 7 J 
inches in depth. The three-wire distributing and 
two-wire feeder main is run in a culvert of the same 
depth but 5 inches wider. 
The two chief objections urged against the concrete 
ilvert are the large amount of space it occ\i-^\s^ m\^ 





the danger of its getting flooded by the bursting of 
water-mains, or other such accident. In several 
localities where such culverts are used the necessary 
space cannot be obtained throughout certain thorough- 
fares, and recourse has to be made to the use of 
insulated cables of the lead-covered or vulcanised 
rubber type. These are generally laid direct in the 
earth, and boarding or other covering placed over 
them to give notice of their presence to workmen 
breaking up the ground. 

As a general rule feeders to such naked copper 
mains are of the armoured cable type. These are 
frequently, when not armoured, run in iron pipes, 
rendered watertight by lead packing in the usual way. 
Service connections are generally effected through 
vulcanised rubber cables drawn into wrought-iron 
pipes. Connections from feeders and service cables 
are made by means of a cylindrical socket having a 
flat projecting tongue. The socket is soldered upon 
the end of the cable and the tongue is jammed upon 
the flat copper main by means of a gun-metal clamp 
furnished with a pair of set bolts. 

Ferranti Concentric Mains. — ^The design of these 
remarkable mains was intended to provide for tho 
conveyance of current generated at Deptford to 
London at a pressure of io,odo volts. Four distri- 
buting and transforming stations are provided, namely, 
at Blackfriars, Trafalgar Square, Bond Street, and 
Pimlico. These stations distribute to street mains at 
a pressure of 2,400 volts, there being a further trans- 
formation of pressure down to 100 volts effected at 
the consumers' premises. The original design has 
had to undergo modification, owing to the areas of. 
consumption being scattered. 
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The mains connecting Deptford with London are of 
the concentric type. They are four in number. The 
course of the mains is chiefly along the railway route, 
being fixed the greater part of the way to the boun- 
dary wall of the line. Elsewhere they are laid under- 
ground in wooden troughs filled with bitumen or 
ashphalte. Cast-iron testing or localising boxes are 
fixed upon the mains at intervals of about |rd of a 
mile. The distributing mains in London are also of 
the concentric type, adopted to carry the 2,400 volt 
current. 

Construction of Ferranti Concentric Main. — The large 
10,000 volt mains are made 
in short lengths, with ar- 
rangements at the ends for 
jointing. The joints are 
made as the mains are laid 
in position. The main con- 
sists essentially of two con- 
ductors, in the form of copper 
tubes, one within the other, 
with insulating material 

between. The interior or _ „ _ _ 

central tube is 20 feet long, 

being an external diameter of \-^ths of an inch and 
an internal diameter of -^ths of an inch. This 
inner tube is then enveloped in brown paper 
steeped in black wax, and the winding is continued 
until the diameter is i^nds of an inch. The outer 
copper tube, the external diameter of which is i|^ths 
of an inch, is then placed over the insulated inner 
tube. The whole is then forced through a draw-die, 
which both lengthens and diminishes the diameter oC 
the outer tube until it fits tightly ovei x\ie vmv« \os».- 1 
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lation. A further insulating' covering is then wound' 
upon the outer tube, in the form of brown paper 
soaked in hot wax, to a thickness of Jth of an inch. 
The whole is then placed within an iron tube to 
protect it against mechanical injury. In order that 
this tube may fit tightly, an aperture is left in the side, 
and hot wax is pumped in to make the whole into a 
compact mass of insulating material, free from air 
(Fig. 94). 

Ferranli Mains, Jointing. — The making of perfect 
joints forms one of the most important points in 
laying the concentric mains. The lengths of main 
are prepared as follows : — A hollow mandrel lathe is 
used, through the head of which the main is fed. The 
first operation consists in exposing 17 inches of the 
outer insulation. This was at first done by cutting 
away that length of the iron envelope. The outer 
insulation is now removed for a length of 14 inches, 
and 6 inches is cut off the outer copper tube. The 
inner insulation is now turned away so as to form a 
cone, extending from the outer tube to the end of the 
inner tube. The interior of the inner tube is bored 
out cylindrically for a length of 9 inches. This opera- 
tion finishes the preparation of one end of the length 
of main. 

The other end of the length is then put in position 
in the lathe, and n inches of the outer insulation 
exposed. Eight inches of the outer insulation is cut 
away. The insulation between the outer and inner 
tubes is now turned out in the form of a female cone 
corresponding to the cone turned upon the other end. 
The inside tube is also bored out cylindrical, to exact 
size, and a solid copper rod 18 inches in length iaj 
driven for half its length into the inner tube. A piw 
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H of copper tubing i6 inches long is fitted over the outer 

m copper tube enclosing the 8 inches irom which the 

outer insulation has been cut away. This tube is 

thrice " necked " or corrugated, so that it pinches and 

indents the outer copper tube. 

»The lengths of main, prepared in this way, are 
ready for laying and jointing. The latter operation 
is done after the main is fixed in position. The 
end of one tube is fitted into the other and they are 
drawn together by means of screw gear. The copper 
rod is thus forced into the inner tube of the added 

(length, and the outside and inside cones brought into 
close contact. Heat is then applied to the joint to 
cause a fusion of the insulation at the cone surfaces. 
The outer copper sleeve is necked by corrugations 
upon the outer copper tube as before. An exterior 
protecting iron sleeve is brought over the joint ; the 
length of this piece being 30 inches it covers the joint 
entirely. It is fixed in place by corrugations or neck- 
ing, and hot wax is forced into it to drive out all air 
and effect a damp- tight joint. 

L.cad-covered Cables. — As early as 1845 copper con- 
ductors, insulated by cotton or hemp, and protected 
by lead tubing, were in use for telegraphic purposes, 
The methods of those days arc used still, with various 
improvements, to insure the continuous insulation of 
the line. Thegreat difficulty generally encountered in 
the use of lead-armoured cables is that of defective 
insulation, either due to damp absorbed and retained 
by the insulating material or to the ingress of water 
through the pores of the lead covering. As now 
manufactured, by the better class of processes, lead 
cables take a high place in the distribution of elec- 
tricity through streets. The maia tea\.iite?. «A ^s. -^ax- 
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feet cable of this kind are complete insulation, which 
only to be obtained by care in drying the materials and 
thoroughly impregnating them with some hot molten 
compound impervious to moisture. The lead covering 
must also be applied at a low temperature, and so 
drawn that it shall be free from faults. The usual 
method of manufacture is to wind the insulating 
material upon the wire and soak it in melted com- 
pound. Various fibrous materials, as jute and hem] 
or cotton, are used, also tapes and paper. The insu- 
lated wire is then passed through the centre of a die, 
from which issues melted lead, at a low temperature, 
forming a lead covering or pipe, entirely enclosing 
the insulated wire. In some cases the insulated wire 
is drawn through the pipe, and the latter is then 
forced through a draw-plate, so as to compress it upon 
the insulation. 

The lead-covered cable is usually still further pro- 
tected by a wrapping of prepared tape or jute. The 
Siemens cable is first insulated with jute, impregnated 
with a special compound composed of bitumen and 
a heavy oil. It is covered with lead, under pressure, 
at a low temperature. The latter is then protected 
by two reverse-laid spiral windings of prepared tapes, 
and then with iron strip winding, which is further 
covered by a winding of jute. In some makes of the 
lead-covered cable the lead covering is filled under 
pressure with a molten compound after the insulated 
wire is in position. Lead-covered cables should he 
handled carefully, owing to the liability to cause 
cracks in the lead. 

Rubber Cables and Vulcanised Jointing. — No class of 
cables have hitherto given so much satisfaction as 
vuJcanised rubber covered cables. The rubber covering 
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}'ls almost invariably protected mechanically by hemp, 
jute, or tape wrappings, sometimes by iron strips 
wound spirally in addition, or by iron or steel wires 
laid spirally. The vulcanised rubber cable is coming 
into use so extensively that some means of making; 
perfect joints in them is of some importance. The 
only successfiil method of producing a perfect joint in 
such a cable is to make it of soft rubber, and to after- 
wards vulcanise the whole Joint. As this must usually 
be done while the cable is being laid in a trench, 
some difBculty had to be overcome before a system of 
vulcanising could be devised suitable for small opera- 
tions outdoors. The process of vulcanising is usually 
effected by mixing with the rubber a percentage of 
sulphur, and afterwards subjecting it to the pressure 
Df steam at the particular temperature suited ;to the 
cind of rubber being treated. As this process cannot 
conveniently be effected outdoors a system of curing 
the rubber (as vulcanising is frequently termed) by 
means of molten sulphur in a cure-box is now prac- 

»tised in the case of joints. 
The cure-box (Fig. 95) is usually a cylindrical 
case of cast-iron, made in two halves, with flanges 
for screws, c c, to hold it together. At each end 
there is a neck-piece narrow enough to fit over 
the cable, while the box completely encloses the 
joint. The box is further furnished with two holes, 
a and b, above and beneath, the lower one being 
furnished with a stop-cock for the purpose of drawing 
off the molten sulphur when the rubber cure is com- 
plete. Some particulars (p. igo) have already been 
given as to the precautions necessary in making a 
I guttapercha and a rubber joint. In making a vulcan- 
aing joint the rubber that covers ttve coTv&!i.OiSit, 
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ist be p^^l 
ith benzoll^l 



coming nearly up to the jointing place, must 1 
fectly clean. It should be wiped over with benzol,! 
and two or three layers of pure rubber wrapped 
tightly over it. Over this are wound tightly layers of 
vulcanising rubber until the lappings attain the dia- 
meter of the original. Care must be taken to do this 
tightly so as to exclude air. The joint is then wound 
spirally with prepared tape, then firmly rolled in a 
piece of sheeting, making a longitudinal joint. The 
final binding should be tightly applied, and consist of 
strong tape. These latter are intended to be removed 




after vulcanisation, and merely act as a mould. The 
cure-box is then placed in position on the joint, the 
necks being filled completely by wrapping rubber 
around the cable at these points. Before bolting the 
cure-box together it should be heated, so that the 
melted sulphur, when poured in, shall not be unduly 
cooled. The sulphur is generally melted at the fire- 
pot used for the soldering irons. It should be at a 
temperature of from 280'' to 300° Fahr., and a pair o 
spirit lamps should be used to keep the cure-box 1 
during the process. The temperature is ; 
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by means of a thermometerplaced in the pouring-hole 
of the cure-box, the scale being outside. The time for 
curing is usually from one half to three-quarters of an 
hour, but this varies with the kind of rubber, and is 
usually stated by the firm selling such vulcanising 
rubber. Temperature must be kept constant, within 
a degree or two. When the curing is complete the 
sulphur is run off and the box removed. If the joint 
is properly cured the rubber will give way beneath 
the thumbnail, but will not permanently retain the 
mark. If it is so hard as not to give way to pressure 
it is over-cured. If it retains the impress it is under- 
cured. The whole joint is afterwards protected by 
wrappings of strong tape, extending on to the cable, 
and finally well varnished. 

Bitite Cable Joints. — These cables of the Callender 
Company are coming into extensive use. The bitita 
is said to be refined bitumen vulcanised. It is put 
upon the cable as a solid sheath and protected by 
taping, again insulated and taped and braided with 
hemp. The joints are insulated by wrapping with 
bitite which has been half vulcanised. It is then 
covered by prepared taping and heated by a lamp 
both to consolidate the joint and to complete the 
curing process. The joint is finally protected by 
strong taping and varnishing, Bitite joint-boxes are 
also recommended by the Callender Company, the 
box being in two halves for convenience of access 
after the joints are made. They are served with bitite 
(but sometimes left bare), and the box afterwards 
filled with melted bitite. These boxes are also made 
with a jacket, which is filled only with the bitite, the 
inner chamber being empty except for the joints. 

Systems of Rwming Cables, — Ta.^ ex.'5ei:\e'cv'i& 'OaaX 
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has been g'ained in connection with the business of j 
central station supply throughout the streets of towns, 
if carefully studied, affords the most useful practical 
information for future guidance. Briefly speaking, the 
supply of electricity is carried out on one of the fol- 
lowing systems : — 

Guttapercha or indiarubber insulated cables laid 
simply in a trench in the earth. 

The same class of cables drawn into iron pipingyi 
wood, earthenware, or other similar tubes. 

Lead-encased cables, either laid in the earth direc^ 
or drawn into tubes, or laid in troughs. 

Mains of the three-wire Edison system, manu- 
factured and encased in lengths ready for laying and 
jointing. 

Mains of the Ferranti concentric system, also mana< 
factured in lengths ready for laying and jointing. 

Bare conductor systems, consisting of variously- 
shaped copper conductors, usually carried upon por- 
celain insulators, and laid in a conduit of brick, 
concrete, or similar channel. 

In this country we have examples of each of these'. 
systems. In the West End of London a good deal of 
the work has been carried out on the bare conductor 
and conduit system, and may be said to be fairly 
satisfactory in a district where the roads are probably 
the best in existence. In other parts of London a 
large proportion of the work has been carried out on 
the rubber insulated cable plan, either laid in trenches 
or drawn into iron pipes. Besides these there are 
many miles of both Edison and Ferranti mains, 

The experience of actually working through these 
systems appears to indicate that two main poini 
should be kept well in view in planning out 
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THE VARIOUS SYSTEMS. 

I system. These are, in the first place, effective 
insulation, both in the run of the cable and at the 
joints. Mechanical protection must be considered 
as going hand in hand with effective insulation. 
Secondly, convenience of access for two main pur- 
poses, repairing:, and adding to the carrying capacity 
of the system by the addition of other conductors. 

In most instances the business of supplying elec- 
tricity, like most other businesses, grows slowly. It 
does not therefore pay to lay down at the outset 
conductors capable of carrying electricity greatly in 
excess of the probable immediate demand. This 
implies that any system that will allow of the aug- 
mentation of the carrying capacity without opening up 
the streets for that purpose must present many advan- 
tages. In viev/ of repairs, also, such a system will be 
far preferable to any plan of building in the con- 
ductors, since a length of faulty conductor may be 
removed and a fresh length drawn into its place. 

These considerations have led to the terms built-in 
system and drawing-in system. The built-in system 
may be taken to include simple trench work, trough 
work, whether of wood, earthenware, or iron, and also 
some kinds of conduit work. The draw-in system 
may be considered as including that of drawing the 
cables into cast-iron pipes, and allowing of such 
excess space in the latter that additional cables may 
at any future time be drawn in to meet the increasing 
demand for current. Thus it is often the practice to 
lay a 4-inch or 6-inch pipe when a 3-inch pipe would 
contain the necessary conductors at the commence- 
ment of business. The difference of cost in laying a 
4-inch pipe as against a 3-inch pipe is small compared 
t ■with the cost of having, at some future titae, Xo o^ei^ 
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Up the street and replace the smaller with larger pipes. 
The drawing-in system also includes such ingenious 
methods as those introduced by Mr. Crompton, and 
modified by Prof. Kennedy, known as the bare wire 
and culvert, or conduit system. 

As we have already remarked, the bare-wire cul- 
vert system is admirably adapted to neighbourhoods 
where the drainage and roadways are perfect, and 
where the system can be laid under the footway. It 
presents many of the advantages of the cast-iron pipe 
system, inasmuch as it allows for additional con- 
ductors being drawn in. ^ 
The iron pipe system, when properly carried out^fl 
appears to be the most likely to answer general^ 
requirements. The various points in its favour are ; 
The cast-iron piping is easily obtainable. Workmen 
know how to handle it. Such piping may be laid 
either under the footpath or in the roadway. A 
simple trench of sufficient depth only is required. It 
may be laid in sections and the cable drawn in after- 
wards. A rope line is usually run through for this 
purposes. Once laid, cables may be withdrawn or 
replaced, or additional conductors drawn in as re- 
quired. No breaking up of the street is required to 
repair a fault. Faults can be located between two 
man-holes, and the faulty length of cable withdrawn, 
a fresh piece being drawn in at the same time. 

But all drawing-in pipe systems demand efficient 
insulation of the cable and strong mechanical protec- 
tion over all. In some of the work carried out at 
Hastings in 1883 cables insulated with guttapercha 
drawn into iron pipes were used. These did not last 
long. It was found that the insulation suffered froio: 
the mechanical strains and friction of drawing 
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' These cables were replaced with others insulated 
with indiarubber and more effectively protected 
against mechanical injury. This later work has 
proved entirely satisfactory. 

These considerations indicate that in pipe lines, on 
a drawing-in system, care must be taken to remove 
all sharp irregularities from the interior of the pipes, 
by drifting them out, to round all sharp angles in the 
pattern, and to use only vulcanised rubber insulated 
cables, strongly braided over-all. Such a system 
demands very thorough joint-making. Indeed, com- 
mon soft joints have been found unsatisfactory, even 
when carefully done. Vulcanised joints on the sys- 
tem already described in this chapter are coming into 
extensive use. They are employed both for main 
end-to-end joints and for T joints for feeders or 
service wires. Such joints are made as described 
with pure and vulcanising rubber, under pressure of 
wrappings, in a curing-box, molten sulphur being the 
heating medium. 

Many successful instances of the drawing-in rubber 
cable system can be mentioned. Amongst these the 
Metropolitan Electric Supply Company, having cen- 
tral stations at Sardinia Street, Rathbone Place, and 
Manchester Square, may be taken as a good example 
of those in London, The mains are vulcanised rubber 
cables drawn into cast-iron socket pipes. The pres- 
sure of working is i,ooo volts, chiefly on the alternat- 
ing current system, from Westinghouse dynamos. 
This particular system is remarkable inasmuch as 
the usual T connection from the main to consumer's 
premises is dispensed with. This is effected by a 
method of running the main into the consumer's 
[ premises and out again in a series s^sAexo. ft«wi.'jgcv 
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transformers. This is done through split T pie< 
from the cast-iron piping. By a method of connecting 

the mains to the dynamos in parallel each consumer 
is supplied, if necessary, from any one of two direc- 
tions, so that any interruption, as for repairs, may 
not cut off the supply. 

Another successful instance of the drawing- in 
system in socket pipes is that of the House to House 
Company at West Brompton. The working pressure 
here is 2,000 volts. As may be expected with so high 
a pressure the insulation of the joints must be very 
perfect. This has been effected by a very complete 
system of vulcanising each joint in position as it is 
made. 

In these systems the man-hole boxes are usually 
placed at the comer of each block of buildings, and 
at curves. They consist of cast-iron boxes usually 
3 feet in length by 18 inches in width and depth. 
Junctions of the mains are always made, when re- 
quired, at a man-hole. Service boxes are placed 
opposite to each alternate party wall. They consist 
of oblong enlargements of the main pipe, having X 
sockets, into which wrought-iron gas-pipe may be 
screwed, and through which the connecting wires are 
led. In the case of the Metropolitan Company these 
T branches are of large size, to accommodate the full 
sized main, which is looped to the c 
former and back to the main line. 
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THE DRAWING OF SPECIFICATIONS. 



The installation of electric lighting plant is now 
generally carried out under contract. In order to 
control such contract and to ensure the eEEicient 
carrying out of the work it is necessary to specify- 
clearly its scope, nature, and quality, and to make 
certain other provisions limiting the completion of 
the contract under a certain time, and so forth. 

The Preamble. — This part of the specification bears 
so strong a similarity to the introduction of any ordi- 
nary contract specification that we may conveniently 
omit it here, and pass on to an example of a specifi- 
cation in so far as it covers the installation of the 
generating plant itself, 

Dynamos, Switchboards, and Accessories. 

For Direct Current, Two or Three Wire Low Poten- 
tial Systems. — The contractor shall furnish, and unless 
otherwise specified, erect the following machinery and 
apparatus. 

Foundations for Dynamos. — The foundations for 
these dynamos shall be built by the contractor of 
(materials), subject to the approval of the engineer, 
and shall be of sufficient depth, length, a-ml ^fJ■\.&Oa. 



to safely and rigidly sustain their weight imdi 
motion. 

AU necessary excavating or filling and the removi 
of all debris shall be done by the contractor, 

The height of the dynamo bases above the groum 

shall be . They shall be securely fastened to 

the foundations in such a way as to prevent lateral 
motion in either direction, and to provide a level 
bearing surface. 

No/e. — Since the dynamos are not subject to vibi 
tion the foundations need only be siifBciently stron] 
to safely sustain their weight and to provide against 
the strain of the driving belts when in motion. 

Dynamos. — These dynamos shall be (compound 
wound or shunt wound — to be clearly specified). 
They shall furnish a direct current of — ampferes at 
a potential of — volts (normal). These dynamos 
shall be of the latest and most efficient pattern, 
mounted upon bases provided with belt tighteners, 
so that the belts may be tightened while the machines 
are in operation. Capable of operating at full load 
for — consecutive hours without increasing the 
temperatures of the armature coils above — degrees 
Fahr., or of the field magnet coils above — degrees 
Fahr. The commutators shall be free from appreci- 
able sparking under variations of load, under proper 
care and adjustment of the brushes. The djmamos shall 
show an insulation resistance of— ohms between all 
parts insulated from each other. They shall be capable 
of working up to the capacity already stated, when at 
a speed not exceeding — revolutions per minute. 
They shall be provided with ef&cient oiling devices. 
The balancing of the armatures mechanically shall 
be such that the dynamos shall not be subject to 
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vibration at the highest or any speed. The balancing 
of the armatures electrically shall be such that there 
shall be no tendency to overheating in any one por- 
tion or coil. The dynamos shall be so designed that 
the power required will be automatically proportioned 
to the number and candle-power of the lamps in use 
at any time, and that with proper connections any 
number may operate in parallel of whatever ampfere 
capacity, provided the voltage be the same. And 
that when connected so to operate it shall be practi- 
cable, with the usual precautions, to take away or 
add to the circuit any dynamo without in any way 
affecting the remainder or affecting any change in 
the candle-power of the lamps in operation. In the 
same way the dynamos shall be capable of dividing 
the load between them according to their capacities 
under all conditions. The rating of the dynamos 
shall be such that the margin of safety will insure 
that no dynamo shall be subject to chance of injury 
by a temporary overload of — per cent, above the 
rating. 

Dynamo Accessories. — There shall be provided with 
each dynamo : One hand- regulator adapted for control- 
ling the voltage in circuit, acting either from the field 
magnet circuit or in the main circuit. It shall be made 
entirely of incombustible materials. One voltmeter, 
indicating the pressure, to be capable of operating 
constantly in the circuit, with a scale distinctly read- 
able at a distance of at least — feet. Also one ampere- 
meter for indicating the current, and graduated to 
read clearly at the distance specified above. Also a 
suitable insulator between the base of the dynamo and 
Jhe foundation. Also a ground detector which shall 
indicate the insulation of the dynamo from, tti^ e.'a.fO^^.. 
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Also a switch for cutting off the current at the dynamo 
itself. Also a brush trimmer, or jig, adapted to the 
brushes used in the dynamo. Also a slide rest, capable 
of being bolted to the dynamo frame, so that the com- 
mutator may be turned up therewith in position with- 
out the necessity for removing the armature from thf 
machine for that purpose. 

SwiUhhoards. — The switchboards shall be made ol 

, neatly and substantially constructed, the base 

being of ample size to accommodate the regulat- 
ing apparatus named below. It shall be mounted 
upon an incombustible framework projecting from the 
wall — inches. The switchboards shall each carry : 
One main circuit amperemeter and one voltmeter. 
One main switch and fuses of the double pole double 

break type. switches for branches, so that each 

branch may be controlled_ separately. AU of these 

switches shall be of the type, amply heavy in 

construction to carry the current without appreciably 
heating at any point. Main cut-outs shall be so pro- 
tected that upon fusing the metal shall not be thrown 
upon adjoining connections or switches. Branch 
cut-outs shall be furnished at the base of each branch. 

Connections.— KM connections, unless when other- 
wise approved, shall be soldered. All connectioni 
shall be made upon and to the front of the switch- 
board, and be easily accessible. The cables and wires 
used for connections must be of ample carrying capa- 
city, heavily insulated and properly cleated down 
between dynamos and switchboards. 

Note. — When the capacity of the plant is known, 
the sizes of the wires, sections of connecting bars, &c., 
should be clearly stated in the specification, as alsq 
'■he insulation to be employed upon covered wires. 
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WIRING. 24 s 

In many cases it is either inconvenient or imprac- 
ticable to connect a switchboard entirely from the 
front. In such case it should be clearly specified 
what connections (generally of main wires) will be 
permitted behind the switcliboard. All such hidden 
connections should be arranged for permanency, and 
be well jointed both mechanically and with solder. 
When switchboards are of wood, the basis of all 
switches, connections, and currents must be incom- 
bustible. All connections made with binding screws 
must be in sight. 

Wiring. — The building (or vessel) shall be wired 

with separate and distinct circuits. These shall 

centre at the main switchboard. There shall be pro- 
vided branch switches operating at a distance 

from the switchboard, and lamp switches, con- 
trolling single lamps. The number of lamps shall be 

of voltage and candle-power. of 

this number shall be clear glass bulbs, coloured 

and — frosted. The contractor shall further provide 

— lamp sockets of the — pattern, — wall brackets of 
the — type, — ceiling roses. Reflectors of enamelled 
iron shall be furnished with — of the lamps, and glass 
shades with the remainder. 

The wiring shall be carried out upon the two-wire 
parallel system (or concentric system, or single-wire 

system if for a ship), according to the Fire 

Offices rules. The fall of potential between the switch- 
board and the furthermost lamp shall not exceed at 

— load — per cent, of the normal pressure. This 

fall must be distributed as follows : per cent, upon 

feeders, per cent, upon main circuits, and 

per cent, upon branch wiring to single lamga. COA. 
wires shall beinsulated with . M\"^cABXm%^'!i. 
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be done in a workmanlike way, the mechanical joint 
being independent of the electrical joint; the latter 
shall be made with solder without excess of flux. 
Insulation joints shall be as perfect as the unbroken 
insulation itself. The insulation resistance of the 
whole installation should not fall below — ohms after 
the plant has been run to its full capacity for — 
hours. The contractor shall replace defective ma- 
terials or lamps failing within a period of — days 
after starting the installation* 



I 



CHAPTER IX. 

ELECTRICAL FIRE RISK—PIKENIX FIRE 

OFFICE RULES. 

Conductors, — Rule No. i. — Where practicable all 
conductors in a building should be so placed as to be 
easily accessible and capable of being thoroughly 
inspected whenever required. It is desirable, there- 
fore, that conductors be not run out of sight, such as 
between floors and ceilings, under roofs, behind skirt- 
ing boards, wainscoting, &c., if it can be avoided. 

No, 2. — All conductors to have sufficient sectional 
area, so as to allow at least loo per cent, more elec- 
tricity being safely sent through them than will ever 
possibly be required for the lights they are to supply. 

By safety is meant that there shall be no per- 
ceptible heating of the conductors to the touch, and 
when proportioning their sizes the possibility of their 
sectional areas getting diminished by corrosion or 
mechanical injury, as time goes on, should never be 
forgotten ; the importance of this cannot be overrated. 

Under normal conditions for internal work, the 
quantity of current sent down a conductor must 
not exceed the ratio of 1,000 amperes per sectional 
square inch of copper, when the amount passing 
through the said conductor does not exceed \.c» 
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amperes. Should the amount of current exceed lOO 
amperes, the ratio, of course, must be less. It is 
as well to arrange the work, when it can conveniently 
be done, so that not more than loo ampferes pass 
down any single conductor. 

The conductors should be of copper, the conductivity 
of which should not be below 98 per cent, of that of 
pure copper. The use of copper, however, is not obliga- 
tory in all cases. When insulated copper is used the 
copper should be " tinned " or otherwise protected 
from the possibility of any injurious action upon it 
from the insulation. All conductors of a larger sec- 
tional area than No. 16 S.W.G. should be composed 
of strands. No conductor of less size than No. 18 
S.W.G. should be used except in fitting, and in fitting 
no conductor should be less than No. 20 S.W.G. 

No. 3. — No naked conductor, or conductors, allowed 
in a building, unless in those cases in which special 
permission has been obtained to the contrary. 

No. 4. — All conductors must be highly insulated 
with substantial coats of indiarubber of the highest 
quality, and tvhich must be specially prepared to last, 
and which must be of approved thicltness [or other 
specially approved, equally good material, or materials, 
that will not too readily become plastic, that are im- 
pervious to moisture, and of lasting quality). With 
regard to the coats of indiarubber, the outer one must 
be vulcanised (or be treated in other special manner), 
but the one next the metallic conductor must be pure, 
unless permission to the contrary be given, and the 
insulation should be protected by durable coverings, 
such as braided hemp and the like, and which should 
also be impervious to moisture. The insulation should 
be as uninflammable as practicable, regard, of cours^^ 
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mSULATION RESISTANCE. 

being had that neither its efficacy nor its durability is 
in any way diminished thereby, and must contain no 
ingredient that would injuriously affect the metallic 
conductor it insulates, unless efficient safeguards have 
been taken to protect the metallic conductor from any 
possibility of such injury. 

The insulation on a conductor should be in the 
form of a homogeneous tube. 

No, 5, — No material or materials will be allowed to 
be used under any circumstances for the purpose of 
insulation, except those that are approved by the 
technical officer of the fire office. The composition, 
quality, thickness, and resistance of the insulation of 
all conductors must be to his entire satisfaction. 

Nothing is stated above as to the resistance required 
in the insulation of conductors before being placed up 
in a building. So many cases having occurred of in- 
sulation that has given extremely high results, so far 
as tests are concerned, before being placed up, break- 
ing down after having been in use for a short time. 
What is really required is an insulation that will last, 
even though its resistance may not have been origi- 
nally so very high. It may be mentioned, however, 
that the insulation resistance of conductors, before 
being placed up, should not be less than 250 meg- 
ohms per mile in dry places, and 600 meg-ohms per 
mile in damp places, the tests having been taken 
■with an electro-motive force of not less than 400 volts 
after the cables have been immersed in water at 60" 
Fahr. for twenty-four hours. 

In non-hazardous risks, the conductors having 
been thoroughly well insulated, as described above, 
should be enclosed in substantial wood casing, and 
the conductors kept apart by a continuous fiUct (it 
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width of wood, and the fillet or width of wood should 
be 1 1 inch in breadth in the case of mains, i 
breadth in that of the principal branches, and J inch 
in breadth in that of the smallest branches. The casing 
should be composed of sound, hard, well-seasoned 
wood. Iron or other approved metal tubes may be 
used instead of wood casing, unless, in the opinion of 
the technical officer of the fire-office, metal tubing 
would not be desirable. 

In those instances where special permission has 
been obtained to run conductors unencased, the mains 
then should be kept at least from 4 to 6 inches, and 
the small branches at least 2 inches apart ; and no 
conductor should be less than z inches from any other 
conductor or conducting substance, unless special 
precautions against contact have been taken. Where 
external injury is possible, the conductors must be 
enclosed in hard wood casings, or slate or ofharj 
approved casings, or laid in cement troughing (dry),l_ 
or securely placed in iron or other approved metala 
tubing (except under those circumstances where the T 
use of metal tubing would not be desirable), or other- i 
wise efficiently protected. 

Where conductors are not enclosed, and when thdd 
electro -motive force exceeds 220 volts with a continui 
ous, or 110 volts with an alternating current, the dis-1 
tance they should be kept apart from each other, and 
from all other conducting substance, ought to be at 
least 6 inches, unless permission for a lesser distance 
be given. 

In hazardous risks, all conductors should be f 

protected. Having been thoroughly well insulatec 

as before described, they might be laid in sound, ha: 

well-seasoned wood casing treated with an improm 
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fireproof paint or compound, and run in with plaster 
of Paris, or fireclay, or an approved putty, or packed 
in with asbestos or silicate cotton; or they might 
be laid in cement troughing, or, where applicable, 
in separate earthenware tubes (or separate iron or 
other approved metal tubes may be used when alter- 
nating currents are not employed). For theatres and 
very hazardous risks, see Rule No. 36. 

In all risks, if the electro-motive force exceeds 220 
volts with a continuous current or no volts with an 
alternatingone, special precautions, varying according 
to the electro-motive employed and the surrounding 
conditions, may be required. Where the current is of 
exceedingly high electro-motive force, then the con- 
ductors may have to be encased and kept apart, as 
described in Rule No. 28, for the primary conductors 
carrying alternating currents to secondary generators, 
or be arranged in such special manner as may be 
decided, having regard to all the circumstances of the 
case and the risk. 

There must be no " bunching" of positive conduc- 
tors together or of negative conductors in a building, 
without permission. When alternating currents are 
used, conductors should not, without permission, be 
laid in metal tubes. (This does not refer to the wiring 
of electroliers). 

It is preferable that all wood casing in non-hazardous 
risks be treated with an approved fireproof paint or 
compound, in order to render it as non-inflammable 
as possible. The covers of the wood casing should 
be screwed on ; they should be screwed at the sides. 

Conductors must never be laid in cement whilst it 
1 is wet nor while it is drying, when there is any liability 
lof the insulation being injured thereby. 



Care must be taken to ensure that any cement or 
putty that may be used, contains no oil or other ingre- 
dients that would be injurious to the insulation of the 
conductors, or in any way cause the insulation resist- 
ance to be lowered. 

When lamps are in the series, the minimum distance 
apart of any two conductors (or portion of the circuit) 
must be regulated by the difference of potential be- 
tween such conductors (or portion of the circuit). 

The small conductors about lamp iittings cannot 
always comply with Rule No. 5. The work, however, 
in connection with them, must be of a thoroughly- 
secure character. The best rule to follow, when laying 
the conductors, is to arrange them that they would still 
bepracticallyinsulated, in the event of their insulating 
covering getting worn away or removed. 

No. 6. — Twin wires are allowed only in those cir- 
cumstances in which permission is given. They 
should be kept as free as possible from the vicinity of 
inflammable materials, and very carefully protected 
by cut-outs. Their insulation should be as substantial 
as possible and protected also as much as possible 
against abrasion : the wires should not be in positions 
where they could make an earth. Too much atten- 
tion cannot be bestowed on this rule. 

No, 7. — All conductors in buildings passing betweai 
floors and hidden ceilings, under roofs, behind wains- 
coting, through partitions, or otherwise out of sight, 
must, unless special permission to the contrary has 
been obtained, be enclosed in wood or earthenware 
casing, or laid in cement troughing, or in separate 
earthenware tubes, or in approved metal tubes, in the 
manner described under Rule No. 5. . -— 

No conductor carrying an alternating, cuneofiifl 
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over 1 10 volts nor any conductor carrying an alter- 
nating current that forms part of a three-wire system, 
the electro-motive force of which, between the first 
and third conductors, exceeds 210 volts, to be laid out 
of sight, such as between floors and ceilings, behind 
wainscoting, &c. 

In ordinary risks, wood casing may be used when 
conductors pass between floors and ceilings, &c., ex- 
cept under those circumstances, when, in the opinion 
of the technical officer of the fire office, wood casing 
would not be desirable. 

No, 8,— All conductors in a building that are ex- 
posed to moisture must have thoroughly waterproof 
insulation, and special care to protect the conductors 
from damp must be taken. All casings, under similar 
conditions, in or about a building must also be tho- 
roughly waterproof, and of lasting character. Too much 
care cannot be taken with regard to these matters. 

When conductors are being placed in buildings 
during course of construction, or before the buildings 
are " dry," the utmost care should be taken to guard 
against injury to the insulation, joint fastenings, 
switches, casings, &c., from the action of damp 
material or materials ; from neglect of these precau- 
tions much trouble has arisen in installations. An 
electrical contractor should never be required to place 
work in a building if it be not sufficiently " dry." 

Wood casings under roofs should be specially pro- 
tected against moisture. 

No. 9, — External conductors attached to a building 

must, unless permission to the contrary be given, be 

insulated, and the insulation must be of a waterproof 

and durable character calculated to resist deterioration 

t^m atmospheric influences. The insulation, mettsai. 
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of 6xing, general arrangements, &c., 
satisfaction of the technical officer of the 
Conductors passing over a building come under this 
rule. 

No. 10, — Conductors must never pass through party 
walls separating two risks, unless permission to do so 
has been given; and when this has been obtained, 
provision must be made, so that the conductors can- 
not be a means whereby Ore can be commuoicated 
from one risk to the other. 

No. II. — AH conductors through the exterior walls 
oFbuildings must be insulated and enclosed in separate 
earthenware or approved metal tubes, or laid in a 
cement not injurious to the insulation, in the manner 
described under Rule No. 5. The arrangement must 
be such as not only to prevent moisture entering, but 
also fire penetrating from the outside by running along 
the conductors. Conductors should never enter 
building through the roof without special permissioi 

Joints — No. 12. — When two conductors are joined 
together, the junction must be soldered. All joints 
must be most carefully made and insulated, and under 
no circumstances must the sectional area of the con- 
ductors be reduced. The insulation of joints must be 
as perfect as possible, of a lasting character and water- 
proof; special care must be taken to guard against 
moisture in damp places. Rosin should be used when 
soldering. 

Cut-Outs. — No. 13. — Whenever a branch is led ofi 
any conductor to supply current for one or more incan- 
descent lamps, or for any other purpose, a short length 
of lea6, tin, or other fusible metal or substance must 
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CUT-OUTS. 

be inserted at the junction of the branch with the con- 
ductor, or as close thereto as possible ; and the lead, 
tin, or other fusible metal or substance must be of 
such section, length, and nature, that if the current 
passing through it exceeds the normal current by 50 
per cent., then it will fuse and disconnect the branch. 
In those circumstances where it is conveniently prac- 
ticable, have cut-outs that will fuse at a less excess 
above the normal as is compatible with the proper 
and efficient working of the lights. 

When the normal current sent down a small wire 
does not reach half of the safe carrying capacity as 
described in Rule No. 2 of the branch, then the cut- 
outs may be arranged to liise at a higher percentage 
than that stated in the above paragraph. Provided 
such amount of current does not exceed 100 per cent. 
of the normal current of the small wire ; and that the 
margin of safety is not lessened thereby. All prin- 
cipal branches, and branches having a considerable 
number of lights, must have cut-outs on both poles. 
Small branches taken off conductors of much larger 
size, and the branches supplying current to fittings 
containing several lights, should have cut-outs on both 
poles. 

All cut-outs, including the materials of which 
they are composed, and the positions in which they 
are placed, must meet the approval of the technical 
officer of the fire office ; many cases having occurred 
of cut-outs failing to act when required, and even 
sometimes themselves being the cause of a fire. They 
should never be placed under floors, inside roofs, or 
behind wainscoting or skirting-boards, or in wood 
|, cupboards, &c., unless special precautions are taken 
kand special permission obtained. They must ha ^1 




arranged and mounted that no danger could arise 
the event of their heating or fusing. 

By "branch" is meant any conductor issuing froi 
another of greater sectional area. 

If any conductor, by re-uniting with any othei* 
conductor, or by any other arrangement, become 
technically part of the main or otherwise, it will still 
be considered as a branch if its sectional area is less 
than the conductor it Issues from, and must be pro- 
tected as such. 

The mains themselves, both positive and negative, 
must be protected by cut-outs, which should be placed 
as near the dynamo (or source of electricity) as possible, 
these like the other cut-outs must be proportioned 
to fuse at as small an excess above the normal as 
is practical and compatible with the efficient working 
of the installation. The excess above the normal 
must not exceed 50 per cent. 

If, however, a branch is already protected by cut- 
outs on the mains, or on a superior branch, then it 
may not be necessary to again protect it by other 
cut-outs, unless required to do so by the technical 
officer of the fire office. 

When lights are grouped, as upon electroliers, &-c., 
the small wires to each light cannot always have cut- 
outs. Care should be taken, however, that the last 
controlling cut-out carries as small an amount of 
current as practicable, and that it will act before the 
smallest wire runs any risk of getting unduly heated. 

When an incandescent installation is arranged on 
the "multiple circuit" system with distributing switch 
and cut-out boards, the ultimate distributing circuits 
should carry as small an amount of current as possible' 
j7ot more than from four to five amperes. 
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I "With regard to arc circuit, or when incandescent 
lamps are arranged in series, the question as to 
whether fusible cut-outs, or what other kind of cut- 
outs should or should not be used, will be decided as 
each particular case arises, so much depending upon 
the arrangement of the lights and the system of 
lighting. Should it be desired to use magnetic cut- 
outs, or any other kind of cut-out, in lieu of fusible 

I ones, permission must first be obtained. 

Fastenings — No. 14. — The fastenings of conductors 
should be composed of a non-conducting material. 
When conductors are not encased they should, where 
practicable, be fastened to porcelain or earthenware 
insulators. Where, however, metal staples are used a 
piece of felt or indiarubber should be inserted between 
the head of the staple and the insulator of the con- 
ductor. Staples, however, ought never to be used, 
saddles or wood cleats being preferable. In the case 
of external conductors, the fastenings ought always 
.to be composed of a non-conducting material. 

Earth Return. — No. 15. — No earth return allowed 
-unless in those cases where special permission to the 
.contrary has been given. 

Switches, Resistance, Connections, and Lamps. 

— No. 16. — All switches to be of such construction 
.and make that they will not be liable after short use 
to get out of order and heat or fire. Their construc- 
tion should also be such that it would be impossible 
for them to remain in any intermediate position be- 
.tween full on and off. 

). 17. — ^All switches, resistances, 'Vimc q-c ^I'i-'i'^ 



connections, lamps, &c., must be mounted and placed 
in such a secure manner that no danger can arise in 
the event of their heating. They must also be so 
mounted that leakage of electricity from them is ren- 
dered impossible. All connections should be as per- 
fect as possible. 

Switches inside buildings, for instance, must always 
have an incombustible base, the insulation of which 
should be perfect ; no metal-work carrying current 
should be exposed at the under side of the base ; the 
covers should be incombustible, and they should be 
kept perfectly free from moisture ; the fastening screws 
should not come in contact with the wall, but be 
separately fixed into an insulating block. Resistance 
coils must be mounted on an incombustible material, 
and kept well away from inflammable substances. 

Where practicable every room and every passage 
should be controlled by a separate switch. Under 
certain circumstances a switch on both the positive 
and negative conductors might be used with advan- 
tage. The last controlling switch should carry as 
small an amount of current as is conveniently practic- 
able. The current carried by it should not, except 
under special circumstances, exceed six amperes. 

No. 1 8, — A switch on each conductor, and a cut-out 
on each conductor should be placed outside a build- 
ing at or near the entrance of the conductors, when 
the electricity is generated externally. When the 
source of electricity is internal, then a switch and a 
cut-out should be placed on each conductor in the 
dynamo-room. 

When switches and cut-outs cannot satisfac- 
torily be placed outside a building they must be fixed " 
inside at the entrance of the conductors into the build- 



ing, and the conductors for this purpose must be 
brought into the building in as perfectly secure a 
manner as possible to a suitable place for fixing up 
these switches and cut-outs in thoroughly secure and 
accessible positions. 

A cellar will be considered as a building or part of 
a building from a fire point of view, unless there are 
circumstances that do not warrant this in the opinion 
of the technical officer of the fire office. 

Switch -Boards. — No. 19. — Switch-boards should 
be composed of a non-conducting iire-proof material. 
They should be in a dry and secure place and most 
carefully fixed and mounted, and the arrangement of 
the conductors at the back should, where possible, be 
such that if on iire the fire could not spread to the 
rest of the installation. It is preferable for switch- 
boards to be split, i.e., the positive portion separated 
from the negative part. 

Ceiling-Roses, 'Wall-Sockets, and Lamp- Holders. 

—No. 20. — All ceiling-roses should be composed of 
an approved incombustible material, and be most 
carefuUy made and fbced. Their construction should 
be such that no strain can be thrown on the pendant 
wires at their terminals in the ceiling-rose. They 
should be fastened to back blocks. 

Wall-sockets must be composed of an approved in- 
combustible, and the greatest care must be exercised 
in their fixing. All lamp-holders must be incombus- 
tible and of an approved type. It is preferable to 
solder the ends of wires that are flexible, when com- 
posed of fine strands, before attaching them to the 
holders. 
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Electroliers.— No. 21. — Electroliers should be faS^ 
tened to an insulating block, which should be sepa- 
rately fixed to the wait or ceiling. The wiring should 
be of a most secure and lasting character, and carefully 
arranged so that it would not be liable to mechanical 
injury. Each electrolier should be protected by cut- 
outs. 



Gas Fittings — No. 22,— Gas fittings must never be 
utilised for the electric light unless they are made 
thoroughly suitable for the purpose, and arrangements 
made so that it would be impossible for them to be 
the means of an " earth " being set up. It is, however, 
far preferable that electric work and gas fittings be 
kept quite distinct from each other. The utilisation 
of gas fittings may be the cause of the entire instal- 
lation breaking down. 



Arc Lights — ^No. 23. — No naked lights allow* 
If arc lights are used they must be furnished with 
globes, which must be enclosed at the base, and so 
arranged at the top that no sparks or flame can 
escape. The globes must be covered round with wire 
netting. When arc lights are run in series, means 
must be taken for maintaining the constancy of the 
current, whatever number may be burning. 
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Concentric Conductors. — ^No. 24. — Concentric ci 
ductors will be allowed under those circumstancesj' 
and in those places for which permission has first 
been obtained, and when the particular system and 
design proposed has been previously approved. All 
joints and connections must be so made that freedom 
from undue heating would be absolutely secured, and 
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■ the outer conductor must be so securely protected that 
W all danger from injury, corrosion, or other causes 
(electrical or other causes) wotild be effectually pre- 
vented; the precautions taken must be such that it 
would be impossible for the conductors to be affected 
by moisture. The whole of the work must be done to 
the satisfaction of the technical officer of the fire office. 
The insulation resistance between the internal 
wires and the return of a concentric conductor before 
being placed up should not be less than 250 meg- 
ohms per mile, the electro-motive force of the current 
not exceeding 210 volts. Tlie internal wire should 
be positive if possible. It must be insulated to the 
satisfaction of the technical officer of the fire office. 
The insulation must be impervious to moisture, and 
of approved thickness. This insulation should have 
two approved metallic envelopes, the first one form- 
ing the return conductor, the second one forming the 
' "guard." These, except when the system is earthed, 
' must be insulated from each other in the same manner 
that the internal wire and the return are insulated 
from each other. The "guard" must be absolutely 
efficient protection against mechanical injury taking 
place to the return conductor, and also an efficient 
protection against any accession of moisture to the 
insulation, especially when the system is earthed. 
The carrying capacity of the conductors must be at 
least equal to the ratio of that laid down for copper in 
Rule No, 2. If, however, a metal other than copper be 
used, the specific resistance of which is greater than 
that of copper, then the sectional areas of the con- 
ductors must be proportionally increased. 

No metal, however, will be allowed to be used for 
ihe conductors that does not meet the a.^'p'to-qaS- ol'Csia 
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technical officer of the fire office ; the thickness, also, 
of the metallic envelopes forming the retiun and tl 
" guard " must be to his satisfaction. 

All switches and cut-outs must be enclosed in aj 
proved fire-proof boxes. 

If the system is to be earthed then the earthing 
must be done to the satisfaction of the technical officer 
of the fire office, but no earth connections will be 
allowed to a gas-pipe, or to lead or compo pipes, 

If any part of a concentric system be earthed then 
the whole system must be concentric, unless pernita- 
sion to the contrary be given. 

Switches and cut-outs should always act on the 
internal or " live " wire when the system is earthed. 
The insulation resistance of the worli when placed up 
must never be below that given in Rule No. 33 for 
general wiring. When the system is earthed the tests 
of course will refer to the pole that is unearthed. 
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Electrical Machinery and Apparatus. — No. 25. — 

No dynamo, motor, or any apparatus for generating 
electricity, to be placed in any working room, or place 
where any hazardous process is carried on, or in which 
any hazardous goods are stored, or where there is 
special risk. They must never be hidden away in 
cupboards, lofts, or roofs, &c., unless permission to 
the contrary is given. ^J 

By working room is meant any room or place l^M 
which the raw material is undergoing any process. 
tending to convert it into a more finished condition. 
The steam-engine room or the mechanic's shop for this 
purpose would not be considered as a working room. 

Transformers and accumulators will come under 
this rule. Wherever a dynamo (or other apparatus) 
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f for g'enerating electricity be placed, especial care 
should be taken to see that the dynamo be thoroughly 
well insulated from earth. The same rule must be 
observed with regard to motors. 

Accumulators and Batteries. — No. 26. — Where ac- 
cumulators or primary batteries are used, the mains, 
both positive and negative, must have a switch and a 
cut-out upon each. The principal branches must also 
be protected in a similar manner. Accumulators must 
be placed in a secure and approved part of the 
premises, where there is thoroughly good ventilation. 
The conductors from the regulating cells of the accumu- 
lators to the regulating switch-board must be protected 
by cut-outs as close to the regulating cells as possible. 

Electrical Power Installations. — No. 27. — An elec- 
trical power installation requires the same safeguards 
that apply to an electric light installation, in which 
the conditions of supply and the electro-motive force 
, of the current are similar. 



Transformer System — No. 28.— When transformers 
(or secondary generators) are employed, and the alter- 
nating primary current is of high electro-motive force, 
neither the transformer nor any portion of the primary 
work in connection therewith should be placed inside 
any building, but in a fireproof chamber apart. If 
this cannot conveniently be done, then the fireproof 
chamber may be placed in an approved position 
inside the building, preferably against an external 
wall, so that the primary conductors may enter direct 
[and not transverse any portion of the building. 

The primary conductors must be Ytio^'t \v^aN'-&^ 
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insulated with indiarubber of the highest qualft 
specially prepared to last, and of approved thickness'' 
(or other approved equally good material or materials), 
and they must have a very strong external covering, 
and the insulation resistance must be very high 
indeed and to the satisfaction of the technical officer 
of the fire office. The conductors must be kept at a 
distance of six to twelve inches from each other, and 
when tliey enter the transformer chamber (or inside 
any other building for which permission has been 
given) they must be enclosed in approved separate 
casings, which must be of a non-conducting material, 
waterproof and iireproof, and these casings should he 
channelled into the brick or stone walls of the build- 
ing; and the arrangement must be such that no 
leakage of electricity could take place to earth from 
either of the conductors, or any short circuit from one 
to the other. 

The primary conductors must be furnished with an 
interlocked double pole switch, and also with a cut- 
out on both the lead and return, which will act at or 
below 25 per cent, above the normal current. The 
switch and cut-outs should be of such design and 
make that an arc in either of them could not be 
sustained. They should be placed as close as pos- 
sible to the entrance of the primary conductors into 
the fireproof chamber. 

When permission has been given for primary con- 
ductors to enter a building before reaching the fire- 
proof chamber, then the switch and cut-outs should 
be enclosed in approved fireproof boxes, and placed 
in accessible and secure positions outside the build- 
ing, if possible. If they cannot be placed outside the 
huMding then they must be situated in approved 
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positions as close as possible to the entrance of the 
primary conductors into the building. The position 
of all switches must be such as to be readily acces- 
sible in order that the primary current can at once be 
turned off if required. 

The whole of the primary work within or upon any 
building should be so situated and arranged that it 
could not be tampered or interfered with by unautho- 
rised persons, and the arrangement should be such 
that if any portion heated or fired no damage to the 
building would result. 

Too much attention cannot be bestowed with regard 
to the proper placing of all portions of the primary 
work, and the rendering of them safe and reliable. 

A transformer should be so constructed that a leak 
between the primary and secondary coils is rendered 
impossible, and also that it would be impossible 
under any circumstances for the primary current to 
get into the secondary conductors. All secondary 
work must be protected by an approved automatic 
apparatus {or arrangement) at or near the transformer, 
so that in the event of the difference of potential 
between either secondary conductor and the earth 
rising at any time above 400 volts, then the apparatus 
will instantly act and cut off the current, so that it 
would be impossible for the electro-motive force of 
the current in any of the conductors in the house to 
be raised over 400 volts. The difference of 400 volts 
is mentioned, lest there should be a difficulty in pro- 
viding an apparatus that would be sufficiently sensi- 
tive and reliable under a lesser increase of voltage. 
A safety device should act at as low an increase of 
the voltage as is compatible with the proper and 
efficient working of the lights. 
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It would be preferable if the secondary work in the 
house were also protected by an approved device, so 
arranged that in the event of the resistance to earth 
of any circuit falling below 1,000 ohms, then it would 
instantly act and cause the primary current to be at 
once cut off from the building. 

Unless special permission be obtained the primary 
current entering a house transformer must never 
exceed 2,500 volts. Should the current be generated 
higher than this, and reduced by means of trans- 
formers, then at each transformer, intermediate 
between the house transformer and the generating 
dynamo, there must be placed an approved automatic 
apparatus (or device) whereby the conductors leading 
from each transformer in the direction of the house or 
houses to be supplied with current can, under no pos- 
sible circumstances, have their electro-motive force 
raised more than 20 per cent, above the normal. 
That is to say, supposing the current is generated at 
10,000 volts, and converted down to 2,500 volts, then 
the mains carrying 2,500 volts could never be charged 
with electricity of a higher electro-motive power 
than 3,000 volts. 

The secondary conductors must be heavily insu- 
lated with at least two coats of indiarubber of the 
highest quality, of specially approved character, 
make, and thickness, and specially prepared to last, 
and they must have a very strong external covering 
which should be waterproof; and they should be 
furnished with switches and cut-outs on both poles, 
except in the case of small branches, when single 
switches and cut-outs may be used. 

The whole of the work should be of the very best 
quality. When transformers are enclosed in metal 
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casings it is preferable that these casings should be 
connected to earth if it can conveniently be done. 

Where the primary conductors enter and leave the 
double pole switch, or enter the transformer, then it 
is not possible to keep them the above-mentioned 
distance apart, then a shorter distance may be allowed 
provided they are protected to the satisfaction of the 
technical of&cer of the fire office. Should it be de- 
sired to enclose the primary conductors in a metal 
pipe permission must first be obtained. 

When transformers are to be arranged in series, 
permission must first be obtained. The alteration of 
safeguards necessary will be decided as each parti- 
cular case arises. Where the secondary conductors 
pass out of the transformer house they should do so 
separately, in approved earthenware or other fire- 
proof tubes or casings. 

Care must be taken that the earthing wire of any 
safety device is not attached to or in contact with a 
gas-pipe. 

Multiple Parallel (or Multiple Series) System. — 
No. 2g. — When the "multiple parallel" or (multiple 
series) system is intended to be used in any building 
special permission must first be obtained in every 
case. The insulation of the conductors should be of 
the highest possible character, similar to that described 
in Rule No. 28, for the primary conductors when 
transformers are used, and all work should be of the 
very best possible description, and on the surface 
where practicable. 

Every parallel (or series) must have an efficient 
automatic protector of such make and design that if 
the difference of potential of that parallel shayli x^-a 
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per cent, above the normal, from any 
ioever, then the protector will instantly bringf 
back the potential to the normal, or else cut out the 
parallel (or series). Means must also be adopted in 
the dynamo-room for maintaining the constancy of 
the current, whatever number of lamps may be burn- 
A main switch must be placed in a fireproof bos 
in a secure and accessible position outside the buUd- 
ing when the electricity is generated externally. 
When the source is internal then it must be situated 
in the dynamo-room. Efficient precautions must be 
taken to prevent earthing of the conductors eithcTj 
inside or outside of the premises. 

By " dynamo-room " is meant any place in whicl 
the electricity is generated. 



Three-Wire System. — No. 30.— When a building 
is supplied with current upon the three-wire system, 
the electro-motive force of the current in the building 
will be considered from a fire point of view equivalent 
to that existing between the first and last conductors 
of the series. 

Central Stations and Supply Conductors {Service 
Lines) — No. 3 1.— When electricity is supplied from a 
central station, the conductors (service lines) therefrom 
must be provided with a switch and a cut-out on each 
at their point of entrance into the premises ; and these 
cut-outs and switches should be outside the building 
or buildings if possible. Where the switches and J 
cut-outs cannot satisfactorily be placed outside the! 
building or buildings, then they must be fixed inside i 
at the entrance of the conductors in the building, and 
the conductors must be brought into the building in 
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as perfectly secure a manner as possible to points 
suitable for placing up these switches and cut-outs in 
thoroughly secure and accessible positions. It is 
impossible to overrate the importance of taking all 
known precautions with regard to the prevention of 
fire when placing in the service lines, and coupling 
them up to the house wiring. The cut-outs should 
act at as small an excess of current above the normal 
current as is compatible with the proper and efficient 
working of the lights — the excess above the normal 
current should never exceed 50 per cent. The switches 
and cut-outs should be effectually protected against 
moisture. This rule is intended to apply to those 
systems that do not come under Rules 28 and 29, 

The occupier should be able to turn off the elec- 
tricity entirely from his premises whenever he con- 
siders it necessary. 



Central Stations and Accumulators (High Ten- 
sion) — No. 32. — When high-tension currents are used 
from acentral station (or other place) to charge accumu- 
lators, and secondary house-circuits having a current 
of lower potential than that of the primary circuit are 
taken from the accumulators," then the secondary con- 
ductors should be provided with a device or arrange- 
ment by means of which their connection with the 
accumulators during the time these latter were being 
charged would be prevented. 

A current having an electro-motive force of 500 
volts or upwards will be considered as a high tension 
current for this purpose. 

Tests. — No. 33, — In any electric light installation 
in which the house-current is continuous a.w3.\i».'ia.-Q. 





electro-motive power of 220 volts or under, the in- 
sulation resistance over the whole installation must 
not be below the following :- 
Imlallation of 15 lighu 



When the lights are proportionate between the 
above numbers, then the insulation resistance should 
be correspondingly proportionate. 

The insulation resistance of the separate circuits of 
the installation should also be taken, and should be 
in accordance with the above table. 

The minimum insulation resistance for currents of 
higher electro-motive force than 220 volts will be 
decided with regard to each incident as it arises, so 
much depending upon the particular circumstances 
of the case. 

For alternating currents the minimum insulation 
resistance must be twice the above number of ohms 
respectively. J 

Under normal conditions the fall of potential inl 
the conductors in a building should not exceed two * 
volts at the farthest point of any circuit, when all the 
lamps are alight. 

Under certain circumstances the technical officer 
of the fire office may give permission for the insula- 
tion resistance to be less than that contained in the 
above-mentioned table. A statement of the insulation 
tests must be supplied if required. All tests should 
be regularly entered in a book kept for the purpose. 

An isolated installation should contain an auto- 
matic device that would give a warning if a leak J 
were set up to earth in any portion of the premises. 
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B No. 34 — Wherever electricity is supplied from a 
f central station to one or more buildings, accurate 
insulation tests should be made at least once daily 
over the whole system, and a record be kept of the 
same. Too much attention cannot be bestowed to 
this matter, especially where transformers are em- 
ployed, or when the multiple parallel (or multiple 
series) system is used. 

»■ Lightning Protection. — No. 35. — All conductors 
from a central station, entering, or connected to, or 
traversing any building or buildings, should, where 
necessary, have an arrangement of lightning dis- 
chargers that will efficiently prevent the said con- 
ductors being a means whereby lightning can enter 
the above-named building or buildings. 

Overhead conductors, supported by poles on roofs, 
will be considered as being connected to those build- 
ings on which the poles are situated. 

In private installations, where the electricity is 
'generated at a distance, the carrying mains should 
have lightning dischargers. 

Theatres and Very Hazardous Risks, &c No. 

36. — In very hazardous risks special precautions may 
have to be taken, such precautions necessarily varying 
according to the peculiarity of the circumstances of 
the hazard. For instance, with regard to theatres, 
the work should be of a special character. The 
work in connection with batten, wing, and float 
lights should be incombustible if possible, the switch- 
board incombustible, and arranged with the view of 
the minimum amount of danger arising if a fire 
,))roke out about it ; the work in connecti.o"!\ -*iS&\. 



170 

floor-plugs or temporary attachments should 
special, great care being taken to prevent any 
liability of heating being set up in them from bad 
contacts or other causes ; fixed conductors on the 
stage should be in oak casings, or other specially 
approved casings ; any loose conductors should have 
very strong coverings to their insulation ; all lights 
must be at a safe distance from all inflammable mate- 
rials, and all work specially protected against liability 
to injury. 

In paper-mills, the greatest precautions must be 
taken against damp and corrosive vapours and gases. 

Again, in risks where naphtha or certain chemicals 
are used, a solvent action may be set up on the insu- 
lation, or the chemicals employed might act upon the 
electrical work and slowly or quickly eat it away ; the 
conditions might be such that it would not be 
advisable to place up electrical work. 

Risks of these kinds vary so greatly that each one 
requires to be separately considered with regard to its 
special characteristics. 

Character of all Work.— No. 37. — All work of every 
description to be of a substantial character, and put 
up in a thorough workmanlike manner, and be accu- 
rately tested at the time of erection for insulation. 

Notice should be sent to the Fire Office. — No. 

38, — Before the electrical installation is used notice 
should be sent to the fire office, in order that an 
opportunity may be given for the installation to be 
inspected with regard to its fire risk. Full parti- 
culars of the proposed installation and all its details 
should be supplied ; the particulars must include a 
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rBtatement of the maximum current to be sent down 
the various conductors, and the electro-motive force of 
the current, also whether the current is to be direct or 
alternating. Samples of the conductors must be sent 
that they may be examined. Specimens of the cut- 
outs, protectors, switches, and ceihng roses may be 
required, should the description of them be obscure or 
unsatisfactory. It is far preferable that these parti- 
culars be sent before the work of the instaliation is 
commenced. 

»No departure from any of these rules will be allowed 
unless permission is given by the technical officer of 
the fire office. The whole of the work and materials 
must be to his entire satisfaction. 

Useful Facts to be Remembered. — Heat and elec- 
tricity are different states or conditions of one and 
the same thing, and each can be readily converted 
into the other. 

Any portion of an electrical installation improperly 
placed up can self-fire from the dynamo to the lamp ; 
the parts hidden away being often the most dangerous, 
whilst the light itself is often the most secure; but 
even the lamp itself can set fire to inflammable mate- 
rials if it be in contact with them. 

If the passage of electricity be retarded in any part 
of its circuit, the current of electricity develops 
heat. Bad joints and imperfect connections will get 
red hot. 

Conductors of a certain diameter can only transmit 
a definite quantity of electricity safely (for a rough 
comparison, electricity going along a conductor may 
be likened to steam or water passing tlvroYi^^i.-^i.-^i^-, 
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any amount above that causes them to become dan^ 
gerously heated. Conductors from this cause hav» 
got red, and even white hot, burning their insulating 
coverings, and setting fire to everjrthing combustible 
they were in contact with. 

If a positive and a negative conductor are placed 
too near each other, and the insulating material of 
the conductors happens to get rubbed or worn off, 
an " arc " may be set up, and fire will ensue. Hence 
the importance of keeping conductors well apart. 

Fires will arise if a " short circuit " takes place ; 
that is, if the electricity manages to get from one 
conductor to the other (which it is always anxious to 
do) without passing through the lights. Anything 
combustible that the electricity " short circuits " cros 
may be set on fire. Hence the necessity of gi 
insulation to the conductors. 

A fire may break out if leakage of electricity takes 
place to " earth." Hence, again, the importance of 
good insulation, and of keeping conductors free from 
metal work, such as gas and water-pipes, &c. Mois- 
ture will " short circuit," or will " earth," conductors, 
and has been the cause of several fires, some of which 
have arisen from washing floors when the conductors 
have been under. Hence the necessity of waterproof 
insulation to conductors when situated in damp 
places, or where any moisture can reach them, and 
care required in fixing switches, cut-outs, or any bare 
connections. 

There is as much danger firom an incandescent 
installation as there is from an "arc" installation, if 
either be not properly put up. 

In fixing the position of the dynamo, it must be 
remembered that many instances have ocairred of 



dynamos setting themselves on fire, A good deal of 
sparking may take place at the "brushes," and the 
" brushes " may burn. 

Switches are extremely liable to set up a fire if they 
get out of order, or are improperly constructed, or 
not properly fixed. 

In laying out installations do not place too great 
reliance on cut-outs, but rather trust to the manner 
the whole work has been arranged with regard to 
safety. Experience proves that cut-outs, invaluable 
as they are, afford no certain protection against 
an electric fire breaking out under certain circum- 
stances. They have even themselves been the cause 
of fires occurring. 

If your lights are burning dim, and your electrical 
machinery is going at its normal speed, then leakage 
of electricity is probably taking place, and an exami- 

t nation should at once be made. 
When an electrical fire breaks out, turn off the 
current at the nearest switch, or sever the conductors 
(one at a time) ; then use your appliances. The 
injudicious use of water without these precautions 
may only increase the extent of the fire. In severing 
conductors of high electro-motive force, be careful 
that you stand on a good insulator such as dry wood, 
and that the handle of your hatchet is dry, or personal 
I injury may result, 
I MUSGRAVE HeAPHY, C.E, 
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CHAPTER S. 

ELECTRICAL FIRE RISK {cont^)-~WIRTNG RULES 
OF THE INSTITUTE OF ELECTRICAL ENGI- 
NEERS. 

The following are the "General Rules for Wirii 
for the Supply of Electrical Energy," issued by 
Institute of Electrical Engineers, and inserted h( 
by permission.' 

The rules (it is pointed out in the official copy) 
&amed to meet all ordinary cases, but are not intended 
to take the place of detailed specifications drawn up 
by consulting engineers to meet individual require- 
ments. They are confined to a statement of well- 
ascertained requirements, and do not recommend any 
special system or form of apparatus by which these 
may be best fulfilled. 

Rules. 

Conductors — Conductivity and Size. 

1. They should be of high-conductivity copper, nd 

less than loo per cent, conductivity, and, where sd' 

phur or other substance liable to attack bare coppi 

Note. — The standard or eomluclivity here referred lo is, that tie re ^_ 

of a copper wire weighing loo grains, 100 inches long, should be 0' 1516 ohm 
at 60° Fahr. 
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■ Is contained in the insulation, they should be tinned 
" with pure tin. 

Their sectional area should be proportional to the 
heating effect of the current required for the maximum 
number of lamps, or other current-using apparatus, 
that can be used simultaneously on the circuit ; but 
in no case should the sectional area of any conductor 
be less than that of a No. i8 S.W.G. wire. All con- 
ductors having a sectional area larger than that of a 
No. 14 S.W.G. wire should be stranded. 

They should be of such size that, when the maxi- 
mum current is passing continuously through them, 
their temperature shall not exceed 130 degrees Fahr. 
It will, however, generally be found that if the con- 
ductors are worked up to a density of current corre- 
sponding to this increase of temperature, the resulting 
fall of potential or drop in volts will be inconvenient 

^and uneconomical. It is imperative that this tem- 
perature of 130 degrees Fahr. should never be ex- 
ceeded, and, therefore, it is necessary to take into 
account the maximum temperature to which they 
may be subjected, independently of electric heating, 
in each particular locality, and the greatest increment 
above this temperature should not be more than will 
raise them to a temperature of 130 degrees Fahr. 

If the maximum temperature of the British Islands 
be taken as 100 degrees Fahr., then the increment 
due to electric heating must not exceed 30 degrees 
Fahr. ; that is to say, the size of the wires should be 
such that, when carrying the maximum current con- 
tinuously for many hours, the temperature does not 
rise more than 30 degrees Fahr. above the tempera- 
H ture, for the time being, of the place in which they 

■ Are situated. In specially hot places t^^'a -*i\xs» 



should be so large that the electric heating should be 
almost nil, and the wires should be specially in- 
sulated with insulating material which does not 
deteriorate at the highest temperature to which it 
will be subjected. 

The Table appended shows size of conductors 
which will safely carry currents up to 74a amperes, 
and the length in yards of single conductor in circuit 
for each volt of fall of potential when the maximi 
current is in use. 



Insulation. 
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3. Insulated conductors may be broadly claBsefl 
under two heads : — 

A. Those insulated with a material as a dielectric 

which is itself so impervious to moisture 
that it only needs further protection fi-om, j 
mechanical injury or from vermin. H 

B. Those insulated with a material as a dielectric^ 

which, in order to preserve its insulation 
qualities, must be kept perfectly dry, and 
therefore nfieds to be encased in a water- 
proof tube or envelope, generally of soft ' 
metal, such as lead, which is drawn closelyfl 
over the dielectric, ^ 

When class A is used, the dielectric must be per- 
fectly damp-proof, and not in any case less in thick- 
ness, measured radially, than 30 mils plus i-ioth of 
the diameter of the conductor; it should not soften 
at a lower temperature than 170 degrees Fahr. ; the 
minimum insulation of a test piece cut from it should 
be that given in column 7 of the Table, the test being 
made at 60 degrees Fahr., after one minute's electrifi- 
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I cation, and after the test piece has been immersed in 
water for 24 hours. 

When class B is used, the same conditions as to 
minimum thickness and softening temperature of the 
dielectric should be enforced as in class A ; its cover- 
ing should be such that a test piece cut from the 
conductor and immersed in water will not break 
down when an alternating pressure of 2,500 volts 
having a frequency of from 40 to 100 periods per 
second is applied for 10 minutes between the con- 
ductor and the water, the test piece, previous to 
immersion, having been bent six times (three times 
in one direction and three times in the opposite direc- 
tion) round a smooth cylindrical surface not more 
than 1 2 times the diameter of the conductor, measured 
outside the dielectric. The coil from which the test 
piece was cut should be tested in a similar manner to 
class A, but the minimum insulation resistance should 
be that given in the Table, column 8. 

Conductors of class A must be protected from 
mechanical injury by being covered with stout braid 
or taping, prepared so as to resist moisture, and must 
be further protected by casing, or by being drawn 
into pipes or conduits. 

In the case of conductors insulated as in class B 
great care must be taken to protect exposed ends of 
conductors where they enter the terminals of switches, 
fuses, and other appliances, from the possible access 
of moisture which might creep along the insulating 
material within the water-proof covering. 

Concentric conductors should, in all respects, con- 
form to the requirements herein laid down for single 
'conductors; the insulation resistance of the oute':; 
Idielectric should be that given in the Xa^Ve lot ^\-^^*s 
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conductors having the same diameter as the oute^ 
conductor. The insulation resistance of the dielectric 
separating the two conductors should be twice that of 
the outer dielectric. 

The bending test of concentric conductors, class B, 
should be made round a cylinder 12 times the diameter 
of the outer dielectric. 

Flexible cord conductors — /.e,, those made up of a 
number of wires not larger than No. 29 S.W.G., 
which are then insulated (in many cases t\vo such 
conductors are twisted together so as to form a double 
conductor) — should only be used for attachment to 
portable appliances, or for the wiring of iittings; the 
insulating material used as the dielectric should be 
either pure rubber or vulcanised rubber of the best 
quality. If pure rubber be used, it should be laid on 
in two laps, care being taken that these should lap- 
joint. The radial thickness of the dielectric should 
never be less than 16 mils for pressures up to 125, or 
20 mils for pressures up to 250 volts. Each coil 
should bear a certificate that a piece one yard in 
length cut from it has withstood for five minutes an 
alternating pressure of 1,000 volts having a frequency 
of from 40 to 100 periods per second applied between 
the two conductors twisted together, the piece being 
subjected during the test to the vapour arising from 4 
pan of boiling water placed at a distance not excef 
ing 3 feet, and immediately below it. 
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Joints. 
3. All joints in conductors must be mechanic 
and electrically perfect, to prevent heat being gene- 
rated at these points. The use of soldering fluids 
containing hydrochloric acid, sal ammoniac, or other 



RULES OF THE INSTITUTE OF E.E. 



379 



corrosive substances, should be absolutely forbidden. 
The insulation of all Joints in insulated conductors 
should be most carefully attended to, the object being 
to malio the insulation of the joints as nearly as 
possible equal to the insulation of the remainder of 
the conductor. 

In jointing rubber-insulated cable care should be 
taken that the braiding or taping is carefully removed 
without damage to the india-rubber, which latter 
should be laid bare, and tapered for sufficient length 
to ensure a water-tight union with the insulating 
substance used as a covering. It should be remem- 
bered when arranging for any system of wiring that 
joints constitute a source of weakness, and they 
Bhould, therefore, be avoided as far as possible. 

General Arrangement. 

4. The arrangement of conductors should be carried 
out as far as possible from distributing centres, the 
cable conveying the current to them being free from 
joints; from these centres of distribution the use of 
small circuits carrying up to 5 amperes, and also free 
from joints, except at the branches and connections 
to switches and other appliances, is recommended, in 
order that the fuses at these centres of distribution 
may amply protect every conductor beyond them, 
even if only a " flexible " for a single lamp. 

This will ensure safety, although the ideal system 
is to carry a conductor from each point of use back to 
the distributing centre without joint or tapping. 

The use of a draw-in system in which both con- 
ductors are drawn into one strong incombustible tube 
or chamber, or their equivalent, is preferable to 'N^i^b^ 
casing with spaced conductors, as saAetg ""v-^ \iaNS«Rj 
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obtained by the use of suitable insulation of the wires' 
themselves than by trusting to the wood casing, or to 
the spacing for insulating purposes. The composition 
of the tubing or conduit used must depend on the 
character of the structure in which it is embedded ; 
tubes or conduits which minimise condensation or 
sweating are to be preferred. When tubes are used 
no elbows should be employed, but comers should be 
turned either by means of slow bends or by the fixinff; 
of a suitable box- 
Conductors spaced and separated away from the 
walls should not be permitted unless they are 
mechanically protected throughout their entire length. 
Where the distribution is effected by circuits not 
carrying more than 5 amperes, conductors of the 
same polarity may be " bunched " together, providing 
a double-pole fiise, arranged to sever the circuit 
before any perceptible rise of temperature can take 
place, is inserted at the point of distribution ; con- 
ductors of opposite polarity may also be "bunched, 
provided that they are placed in an incombustible 
tube or conduit. 
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Precautions where Conductors pass through Walll 
or Partitions. 
6. Cables or wires passing through walls require] 
additional protection, such as a porcelain or other 
tube which can be filled up with sand or other 
chemically inert incombustible material, so as to 
prevent the spread of fire through these openings. 
Wherever conductors cannot be in sight they should 
be made as accessible as possible ; and it is recom- 
mended that wires which must be buried within walls 
should not be fixed, but drawn into channels previously 
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I prepared for them, and they should preferably not be 
drawn in until any dampness which may exist in these 
channels has dried out of them. 
Conductors should not be placed near gas pipes, 

Precautions at Points of Connection. 

6. Wherever conductors are connected on to 
switches, fuses, or other appliances, great care must 
be taken that the whole of the separate wires forming 
the stranded or flexible conductor are neatly twisted 
together and clamped into the terminal, so that no 
loose wire or strand can project; the insulating 
material or dielectric should only be bared back 
sufficiently to allow of the conductor entering into the 
terminals properly, and the ends of the insulation 
should be thoroughly sealed, to prevent moisture 
creeping along the copper beneath the insulation. 

The braiding, lead, or other non- or semi-insulating 
material, should be cut back for a distance of not less 
than I inch from the end of the insulating material. 

Precautions aa to Switches, Puses, Connectors, and 
other Appliances. 

7. TTiese should be mounted on bases made of 
porcelain or other non-combustible material. If any 
difficulty arises through damp, this may be overcome 
by inserting a second base or backing of specially 
prepared material. 

In excessively damp places, such as cellars, all 
fittings attached to walls should, as far as possible, be 
dispensed with, the wires being carried direct from 
the distributing board to the lamps. 

Resistance coils should in all cases be t3,Tt\'a,ft. ci'w 
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frames or supports made of incombustible materialj 
and preferably should be enclosed in metal cases, tffj 
prevent accidental derangement. 

Wherever fittings, such as brackets, electroliersj or 
standards, require to have the conductors threaded 
through tubes or channels formed in the metal work, 
these should be designed so as to avoid sharp angles 
or rough projecting edges which would be liable to 
strip or cut or damage the insulating material in the 
act of drawing in the conductors, or in fastening them 
to the outside in the case of adapted fittings. The use 
of combined gas and electric fittings should not 
permitted ; where gas fittings are adapted, they should 
be insulated from the gas pipe. 

Where possible, the conductor should be carried 
without joint through the fitting to the lamps; but 
where connections at the back are unavoidable, special 
care must be taken to make this Joint equal in quality, 
s conductivity and insulation, to the rest of. 
the work. 

Switches. 



Every switch, whether fixed separately or 
combined with lamp holders or fittings, should be 
constructed to comply with the following require- 
ments : — 

(a) That no overheating can take place at t 

point of contact or elsewhere. 
{b) That when being switched off it is impossibly 

for a permanent arc to be formed. 
{c) That it cannot be left in an intermediatj 

position between on and off. 
(d) The base should be oi vucombustible matei 



Id 
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{c) The cover should also be of incombustible 

material, and should preferably be either 

made of or lined with non-conducting 

material. 

(/) Covers of all switches should be kept clear of 

all the internal mechanism, 
{g) The handles of all switches should be 

efficiently insulated from the circuit. 
(A) In order to ascertain that switches comply 
with the above requirements, samples 
should be selected from each pattern and 
size used, and should be tested at an 
E.M.F. and current 50 per cent, in excess 
of that which will be used on the circuits 
for which they are intended. 
JIain switches should be placed close to the gene- 
rators if the supply is generated within the building, 
or at the transformer if transformed within the 
building, or at the point of entrance of the conductors 
into any building supplied from an external source. 

When all three wires of a three-wire system are 
brought into a house, the member of the switch con- 
nected to the middle wire must not make contact 
later, or break contact sooner, than the other two 
members; preferably the middle member should make 
contact sooner and break contact ^ater than the two 
outer members. Single-pole switches should not be 
on the middle wire of a three-wire system. In a 
five-wire system the same principles will apply, 

Switch-Boards. 

9. Wherever main or centres of distribution switch- 
boards are provided, these shouVdi \ia c.tnxss.t^'^iiift- 'fi. 
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incombustible material, preferably with front connet 
tions, with circuits arranged as far as possible to form 
their own diagram of connections, and so labelled 
that they may be easily identified. Where back 
connections are permitted they should be carefully 
soldered. Exposed metal work of different polarity 
on switch-boards should be well separated, and pre- 
ferably mounted on separate bases. 



Fuse Boxes and Fuses. 



10, Branches from all circuits should have fusoi 
boxes made of porcelain or other incombustible 
material on both poles, and the fuses in these fuse 
boxes, if on the same base, should be in separate 
compartments. Where the tree, or tapered, system of 
wiring is allowed, fuses should be introduced at such 
intervals that each fuse protects the smallest branch 
between it and the next fuse : or, if there is no other 
fuse, then it must protect right up to the end of the 
circuit. If the above precautions are taken, it is not 
necessary to protect the ceiling roses which support 
flexible pendants, by fuses at the ceiling point ott 
junction. ] 

Whenever circuits not exceeding 5 ampferes have 
fuses in each pole at the distributing point, fuses in 
the connectors (see Section 7) are not necessary ; 
should the current, however, exceed 5 amperes up to 
IZ5 volts, or 3 amperes up to 250 volts, all portable 
fittings requiring flexible cords, or adapted fittings 
wired with flexible cords, must be protected with a 
fuse at the point of junction with the circuit 

Any fitting containing many lights and wired witl 
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flexible cord should be supplied by conductors 
back to the distributing centre. 

Where one of the conductors is connected to earth, 
all switches and fuses which will be single-pole 
should be arranged on the insulated side of the 
system. 

No fuses or switches should be placed in or at any 
point of the earthed conductor. 

Standard types of fuses should be so designed as to 
avoid the risk of inserting fuses intended for largo 
circuits into the fuse carriers of small circuits, and 
vice versd. 

The covers of all fuse boxes — whether these be 
separate or grouped on switch-boards — should bs 
efficiently ventilated, so as to avoid risk of fracture by 
the sudden expansion of the air within them at the 
time the fuse melts, the covers being arranged to 
catch and retain the fused metal. 

All connectors should be capable of withstanding a 
test at an E.M.F. and current 50 per cent, in excess 
of that for which they are intended. If used in damp 
places special precautions must be adopted to exclude 
moisture. In cases where the fixed part of the con- 
nector is attached to a floor it must be so arranged 
that no dust or water can accumulate in the cavity, 
and should have all contacts well below the floor level, 
to prevent any possibility of danger from contact with 
the carpets. 

When concentric connectors are used they must be 
constructed so that they cannot be readily short- 
circuited by a piece of metal, such as a pin or a metal 
pencil-case. Clearances should be such that an arc 
cannot be started if the connector is pulled out at 
the time that the current is flowia^. 1\ieYns'>ii3i^v'^"c*. 



\ 



used between opposite poles should be such that id 
will not readily break or chip. 



Dynamos and Motors. 

11. Dynamos and motors should be protected from 
damp and dust, and should be so placed that no 
woodwork or inflammable material is within a dis- 
tance of 12 inches from them, measured horizontally, 
or within 4 feet from them, measured vertically above 
them ; and the same precautions must be adopted in 
placing and fixing the starting switches or regulating 
resistances used in connection with any of these ap- 
pliances. The coils of these resistances must be so , 
designed that in no case do they heat above aiai 
degrees Fahr., even if left continuously in use; an(^ 
the coils must be protected by suitable metal casing^ 
or guards, which must not interfere with free circula* 
tion of the air round the coils. 

The frames of dynamos or motors employing axkM 
E.M.F. of 250 volts or upwards should be connected 
to earth. 

Continuous-current transformers are to be classed_ 
with dynamos and motors. 



Accumulators or other Batteries. 

12, Both accumulators and primary batteries should 1 
be placed and used under the same precautions as.1 
above described for dynamos and motors, and thefl 
room in which they are placed should be well ven-T 
tilated. The accumulators and batteries should them-; 
selves be well insulated from the earth, and should I 
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protected by fuses at both poles, and at all points of 
connection between the circuit and the regulating 
\ cells. 

Transformers. 

13. When these are used to transform either direct 
or alternating currents of high E.M.F. down to the 
E.M.F. allowed by the Board of Trade on the con- 
sumer's premises, they, together with their switches 
and fuse boxes, must be placed in a fire- and water- 
proof structure, preferably outside the building for 
which they are required, and their frames must be 
connected to earth. 

No part of such apparatus should be accessible 
except to the person in charge of them. In all cases 
conductors conveying currents of high E.M.F. inside 
a building must be specially insulated and encased in 
afire-proof conduit. Under no circumstances should 
transformers be allowed to heat under normal con- 
ditions of load to a temperature of 150 degrees Fahr. 
Transformers should be so protected by suitable 
apparatus that a leak between the primary and secon- 
dary coils raising the pressure to 400 volts above that 
of the earth should cut the transformer out of circmt. 

Low-pressure alternating transformers or choking 
coils may be placed within buildings, but the same 
precautions as regards heating of the coils, distance 
from woodwork, and guarding must be adopted as in 
the case of resistances used for motors. 



Arc Lamps. 

li. Arc lamps must always be guarded by lanterns 
ur netted globes, so as to prevent danger fron\ a-s^Leni- 
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ing or descending sparks, and from falling glass or 
incandescent pieces of carbon. AU parts of the lamps 
which are liable to be handled should be well insu- 
lated, and, in addition, an insulator must be inserted 
between the lamp and its support. Resistances for 
arc lamps should have a similar double insulation; 
their coils should be designed so as not to heat above 
212 degrees Fahr. ; they should be protected by 
metallic ventilating guards, and should be so placed 
that no woodwork is within 6 inches of them, mea- 
sured horizontally, or within a leet of them, measured 
vertically above them. When arc lamps are supplied 
from constant potential mains, fuses on both mail 
are necessary. 

Arc lamps in which air can have access to 
carbons during burning should on no account be' 
used in places where inflammable vapours or ex- 
plosive mixtures of dust or gas are liable to be 
present. 

Testing. 

10. The conductors, fittings, and appliances tnii 
be tested in the following manner before the currenCa 
is switched on : — The whole of the lamps or appli*'. 
ances for utilising the energy having been connecta' 
to the conductors, and all fuses being in place, 
E.M.F. equal to twice the E.M.F. which will ' 
ordinarily used is to be applied, and the insulation 
resistance between the whole system and earth must 
be measured after one minute's electrification. The 
insulation should then not be less than lo megohms, 
divided by the maximum number of amperes required 
for the lamps and other appliances. The installation 
jnay be then set to work, and a second and similar j 
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■ test should be made after an interval of 15 days. In 
each test, if the insulation of the whole is below stan- 
dard, the work should be divided up by the depart- 
mental switches and tested separately, in order to 
locate the faulty section. 

The value of systematically testing and inspecting 
apparatus and circuits cannot be too strongly urged 
as a precaution against fire. Records should be kept 
of all tests, so that any gradual deterioration of the 
system may be detected. Cleanliness of all parts of 
the apparatus and fittings is essential. No repairs or 
alterations should be made when the current is " on." 



Explanation of Table. 

Column 1 gives the sizes of the conductors in 
common use. Cables are shown thus: — 19/14, viz., 
19 wires of No. 14 Standard wire gauge. 

Column 2 gives the maximum current for situations 
where the external temperature is above 100 degrees 
Fahr. 

The current for any conductor may be calculated 
from the formula — 

Log C = 0775 log A + 0-301, 
or C = 2 A™s 

(where C = current in ampferes, A = area in i,oootha 
of a sq. in.). 

The maximum rise in temperature will be about 
10 degrees Fahr. on large sizes. 

Column 3 gives the total length in yards of lead 
and return of each size of conductor causing a drop 
of I volt when transmitting the current shown, va. 
column 2. 
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Column 4 gives the maximum current allowable in 
any situation. The current for any conductor may be 
calculated from the formula — 

Log C = 0*82 log A + 0*415, 
orC = 2-6Ao-8^ 

(where C = current in amperes, A= area in i^oooths 
of a sq. in.). 

The maximum rise in temperature will be about 
20 degrees Fahr. on large sizes. 

Column 5 gives the total length in yards of lead 
and return of each size of conductor causing a drop 
of I volt when transmitting the current shown in 
column 4. 

Column 6 gives the minimum thickness of dielectric. 
This may be obtained for any conductor by adding 
30 mils to i-ioth the diameter of the conductor. 

Columns 7 and 8 give the insulation resistances in 
megohms for one mile of cable of classes A and B 
respectively. 
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CHAPTER XI. 

HIGH PRESSURES AND SAFETF— DISTRIBU- 
TION BV DIFFERENT SYSTEMS — PERMIS- 
SIBLE LEAKAGE— DYNAMOTOR TRANS- 
FORMERS. 

High Pressures and Safety. 

The introduction of the high-pressure alternating 
current systems into dwelling-houses and shops has 
led to many minor and a few serious accidents, 
owing to persons exposing themselves to the risk 
of receiving shocks. In the case of a power station 
supplying a sparsely populated district, or a district 
where the consumers are few and far between, it does 
not pay to establish transformer stations, and maintain 
therein large transformers, at distances necessarily 
widely apart. It therefore becomes necessary to 
bring branches from the main directly into the con- 
sumer's premises. The pressure in the main may 
amount from 500 to 2,000 volts : in either case it is 
an unsafe pressure. It is too high for feeding lamps, 
and a transformer becomes necessary. Small trans- 
formers for this purpose have been used extensively 
in London, each building having its own. As the 
demand for electric light increases It is to be hoped 
that these house transformers may be abolished, and 
that it will be found more profitable to make tta-vv^^ 
I former chambers beneath the pavemiixA?., a.\. a\'3X?''^':-*i^ 
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of a few hundred feet apart. This latter system isi 
now general in large provincial towns using the high 
tension alternating current. 

We are concerned at present, however, with the 
case of each building having its own transformer; 
hence there is conveyed to each consumer the branch 
from the main, which is, of course, at the same 
potential as the main itself. It is in connection with 
the primary wire fittings of those cases that accidents 
occur. The wires that leave the transformer — the 
secondary wires— are at a safe potential, probably 
100 volts, and need not be considered. 

Earlliing Safety Device. — When a transformer is 
■used in a house, it is possible to so arrange it that a 
contact between the primary and secondary circuits is 
only possible when contact is also made with the 
earth. In order to ensure this the two series of coils 
in many types of house transformer are separated by 
a metallic plate, which is put in contact with a good 
" earth." Hence, any leakage from either set of coils 
must pass to earth before it can reach the other, and 
the difference of potential between the low-pressure 
conductors and the earth can never be greater than 
the normal pressure of the lighting circuit. 

Major Cardew's ingenious safety plate device has 
been very extensively used by companies furnishing 
alternating currents of high tension supplied through 
transformers upon the consumer's premises. The 
device consists essentially of two brass disks, placed 
parallel and near to each other. They are separated 
permanently from contact together by an ebonite 
ring. Between the brass plates, and attached to the 
lower one, is placed a thin aluminium foil. The 
^VPPGT plate is connected '.o \.\ve VQ^?.a circuit and the 



f lower plate to earth. AVhen the difference of potential 
exceeds a predetermined amount, the static attraction 
of the upper plate lifts the foil until it makes contact 
with the upper plate. 

When, therefore, the foil is statically attracted 
into contact with the upper plate, it puts the house 
wire to earth, and thereby renders impossible a 
dangerous potential difference in the house circuit. 
This useful apparatus is attached in any convenient 
position near the switch-board. A somewhat similar 
and equally effective device is that known as Drake & 
Gorham's. It consists of a cylindrical glass case, 
having a base and cover of insulating material. A 
thick brass rod runs from the cover to the base 
vertically within the cylinder. To the lower end of 
this rod is fitted a short horizontal stem, adjustable as 
to length, and carrying a brass disk. This part of 
the apparatus is connected to the house circuit 
through a terminal. A second terminal in the cover 
has dependent from it within the case a brass plate, 
and this plate has hung from its upper end an 
aluminium foil, as in Cardew's apparatus, The foil, 
which is connected to earth, and the adjustable disk 
before mentioned nearly touch, and a very slight 
potential difference between the two will cause static 
attraction and contact, so earthing the house wire. 
The adjustment of the brass disk is such that the foil 
will not be attracted so long as the pressure upon the 
house circuit is sufficient only to light the lamps. 

These examples of safety devices must suffice for 
our present purpose. With either of them it is 
impossible for the high potential difference of the 
primary wire of the transformer to cause an accident 

I on a house circuit. 



Distribution by Different Systems. 
As we have already ascertained, the most exten- 
sively used systems have been the two and three 
wire low-pressure direct systems, and the two wire 
high- pressure alternating transformer system. The 
suitability of one system or the other to a particular 
case can only be determined upon knowing the con- 
ditions under which the supply is to be maintained. 
From foregoing observations it will be evident that 
a low-pressure system cannot be worked economic- 
ally over a long distance. The first cost of the heavy 
mains required becomes prohibitive over long dis- 
tances ; and the cost of forcing large currents through 
mains of small sectional area is also impracticable. 
We have seen that with the aid of high pressure and 
small currents a large electric supply can be main- 
tained through mains of small sectional area, and to 
render this system satisfactory for purposes of house 
service it must be allied to the transformer, by means 
of which the high pressure is converted to a safe 
working low pressure. Although transformers have 
been used for direct or continuous currents of high 
pressure, practically most of the electric lighting 
work of this (high pressure) system depends upon the 
alternating current system. Here we have the alter- 
nating current transformer, the most useful of all 
instruments for the distribution of electricity. 

A certain waste of energy must be charged to the 
cost of distribution. In the case of the direct current 
system it is lost entirely upon the resistance of the 
conveying cables. In the case of the transformer {or 
high pressure) system the loss incurred in working 
the transformers themselves forms a considerable 
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percentage of the -whole waste. The nature of the 
waste is not the same for the two systems. In the 
case of the low-pressure direct system the greatest 
percentage of loss takes place at full load, or when 
the dynamos are working at their full capacity. On 
the high-pressure transformer system the efficiency of 
the whole system increases with the load. This fact 
necessitates a larger plant for a given number of 
lamps in the case of the direct low-pressure system 
than would be required on the high-pressure system. 
But this is balanced in the case of the high-pressure 
system by the cost of the transformers required. 
There can be no doubt that, given a small load factor, 
the cost of running a high-pressure system is the 
higher of the two. This arises chiefly from the waste 
incurred in exciting the transformers themselves. 
With a high load factor, and a long distance between 
the dynamos and the lamps, the high - pressure 
system has undoubtedly proved itself the more 
economical system, in spite of the waste incurred 
upon transformers during the hours of least supply. 
There is, of course, a slightly increased loss, due to 
the resistance of the cables, as the load is increased 
in the case of the high-pressure system, but it is a 
small percentage of the total loss, while the efficiency 
of the whole system is increased as the load is raised. 

From these considerations it will be evident that 
in order to arrive at a correct estimate of the relative 
efficiency of the two systems we must know the 
average distance between the dynamo and the lamps, 
and also the probable hours during which "full," 
" half," and " quarter " load must be met by the 
station. 

For towns' distribution, when the distance betweea 




the dynamo house and the consumers averages several 
miles, there can be little doubt that the high-pressure 
alternator system is meeting with most favour, not 
only on account of its being the more economical 
system for long distances, but on account of its 
superior " flexibility," and the advantage it offers to 
the employment of high-pressure feeders, which, after 
being carried long distances underground, can so 
easily be used to maintain a given potential in anJ^ 
required area of the distant centres of supply- 



Permissible Leakage. 

The maximum amount of leakage that may be per- 
mitted on a circuit will depend upon the amount of 
energy that may be allowed as waste. This may be 
regarded as a certain percentage of the output. It 
will also depend upon the maximum current that 
may be allowed to pass without serious inconvenience 
through the body of a person touching a conductor 
and being at the time in good contact with earth. 
The above waste of energy will remain an equal per- 
centage of the total output, provided that the insula- 
tion resistance of the circuit as a whole varies as the 
quotient of the electromotive force by the average 
current. In other words, with an equal pressure the 
insulation resistance may vary inversely with the 
current : with equal current it may, of course, vary 
directly as the electromotive force. With an equal 
total output at varying pressures it may vary as the. 
square of the pressure. 

The subject of shock to a person making conti 
has reference to current passing through the persoi 
to the other conductor, or, much more commonly, ti 
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current passing through the person to earth. This 
last would properly be defined as " leakage." It is 
evident that this current must not exceed a fixed 
amount, based upon an average ascertained from 
experience. Hence the insulation resistance of the 
cable should vary directly as the pressure. The 
amount of current that would pass through the person 
in contact would depend upon the nature of the con- 
tact and upon the specific resistance of the part of the 
body traversed. A definite value cannot be given to 
this : it varies according to circumstances, The 
average resistance of the body, from hand to hand, 
while the person is holding a pair of metal electrodes 
may be taken at 6,000 ohms. But this figure, while 
not far out for continuous current, drops to 4,000 ohms 
when the current is alternating. This resistance 
depends upon the state of the skin of the hands. If 
the contact is very good, as, for example, when the 
hands are moistened with vinegar or dilute acid, the 
resistance from palm to palm may fall as low as 
1,500 ohms for continuous currents, and 1,000 ohms 
for alternating currents. According to some experi- 
ments upon this subject, conducted by Messrs. 
Lawrence and Harris, it was found that a continuous 
I current as small as 'oiS ampere passed through the 
I body caused painful sensations. This value fell to 
' '004 ampere when the current was made alternating. 
Muscular rigidity, or inability to leave go of the 
electrodes, occurred when the alternating current was 
raised to -008 ampfere. The same experiments, made 
by ilr. Swinburne, showed that many persons could 
allow a continuous current of "018 ampere to pass 
from palm to palm without serious inconvenience. 
I The same persons could receive an alternating cutte^^ 



of from '014 to '030 amperes, the pressure at 
being maintained at 18 volts. 

These figures show considerable variation, but it 
uill not be difficult to deduce from them a margin of 
safety in dealing with the permissible leakage from 
any main conductor. It may be assumed that for 
purposes of personal safety there will be no danger if 
the continuous current does not e.\.ceed, say, -oi 
amp&re, and the alternating current -002 ampfere. 
Taking the smallest average resistance to be over- 
come at 1,000 ohms, it follows that the insulation 

resistance of the conductor should be ^ 1,000 f«fj 

the continuous current, and — i.ooo for the alter- 

■002 

nating current, V being the volts of pressure. The 
Board of Trade regulation respecting leakage to earth 
expressly stipulates that the insulation resistance of 
any complete circuit used for high-pressure supply, 
including all devices for producing, consuming, or 
measuring energy connected to such circuit, shall be 
such that should any part of the circuit be put to 
earth through a resistance of 2,000 ohms, the leakage 
current shall not exceed 0-04 in the case of continuous 
currents, or o'02 ampfere in the case of alternating 
currents. 

In the experiments we have quoted the person 
makes contact with the conductor under the most 
favourable conditions. Moreover, the current estab- 
lished is not a current leaking to earth. In actual 
practice it is very seldom that a person makes good 
contact with a conductor, that is, contact as good as 
is got when grasping metal electrodes in the mannera 
described. The margin of safety is therefore seen t 
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be ample for practical purposes ; and this is proved 
by the fact that fatal accidents through " earth," as 
distinguished from circuit contact, are almost v.n- 
known. So far we have considered the possibility of 
a person making contact with one conductor of a pair 
forming an electric circuit. It is assumed that there 
is a tendency to leak to earth in all such circuits, 
This condition depends, of course, upon the total 
insulation resistance of the circuit, which, for the sake 
of economy in working, is always maintained as high 
as possible, without reference to shock to persons 
touching the circuit, and making in this way a path 
to earth. Contacts of every kind usually take place 
near switch-boards or in transformer-chambers. It is, 
therefore, advisable in all such places to heavily 
insulate exposed metal work connected with the 
circuit. But serious accidents frequently happen to 
workmen engaged upon a conductor which is "dead," 
or conveying no electricity. In such cases it is in- 
variably found that the dead wire gets accidentally, at 
some point in its course, into contact with a live wire. 
Here we have a case in which the assumed dead wire 
should have been covered as far as possible with 
insulating material, and should have been treated 
exactly as if it were a live wire. Of late, indeed, it is 
becoming the habit amongst linesmen to regard all 
wires as live wires, whether they are conveying 
current or not, so long as they run near to otiiers 
actually carrying a current. 

Leakage and Deterioration of Insulation. — There can 
be no doubt that the insulation resistance of a circuit 
undergoes a change under the influence of even the 
smallest leakage. While this is true of such di- 
electrics as gutta-percha and bitumen and its cqo^~ 
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pounds, it is the more marked in the case of an; 
metal sheathing, such as lead, intended to maintaini 
the dielectric in a dry state when buried in the earth. 
The presence of a current of leakage through a 
dielectric is a flow against resistance : energy is 
expended ; this expenditure of energy is necessarily 
accompanied by the evolution of heat or chemical 
action. If heat is created, a gutta-percha insu- 
lator must suffer gradual deterioration, especially 
if dryness accompanies it. It is well known that 
india-rubber, whether \mlcanised or not, does not 
long withstand a warm, dry atmosphere. It tends to 
shrink and to produce cracks, and may finally crumble 
away. It is, therefore, found that a gutta-percha 
insulated cable will maintain its efficiency for a long 
time if kept under water, which supplies the two 
necessities of coolness and moisture — or rather, we 
should say, prevents the escape of the essential oil rfi 
the gutta-percha gum. J 

To a great extent, though not so markedly, an 
effective sheathing of lead, squirted upon a cable by 
hydraulic pressure after it is insulated, fulfils the office 
of water, and, as a matter of fact, good cables of this 
kind are now known to perform for a great number of 
years without a fault. A very slight " earth " current, 
however, passing as it does directly to ground through 
the lead sheathing, will tend to destroy the latter, 
through a well-known electrolytic action, by means 
of which the lead is sulphated or carbonated, as the 
case may be. 

An insulated cable may stand a momentary pres- 
sure of 100,000 volts, but the same pressure, long 
continued, may break down the insulation and estab* 
Ush a leak. In this case we say that the presst 
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used was near to the breaking-down pressure of the 
insulation. There is doubtless a critical pressure, at 
which a particular strength of insulation will break 
down immediately ; and it is equally certain that a 
less pressure than this will, in course of time, tend to 
cause leakage. But we are not warranted in assum- 
ing that a reasonable pressure will have any such 
effect. On the contrary, experience seems to prove 
the opposite. The cables that were first used by the 
London Electric Supply Corporation carried in pipes, 
and conveying for many years a current under a 
pressure of about 2,500 volts (which is undoubtedly a 
*' great " pressure), showed after removal that they 
were practically as perfect as when first drawn into 
the pipes. The insulation resistance upon first laying 
was approximately 5,000 megohms per mile : it was 
practically the same after many years' working. 
These were vulcanised rubber cables of very good 
construction ; they were not lead-covered. 

Whether or not there is a fall in the insulation 
resistance of a cable as the pressure is increased is 
still a matter of doubt. If there is, it is very small, 
and would not be very marked until the critical point 
of breakdown was approached. Tests are difUcult of 
attainment, because temperature interferes with the 
experiments. Herr Heim made certain careful tests 
of a gutta-percha core and two lead-covered cables 
at pressures varying between 21 and 460 volts. These 
tests, the published results of which gave rise to 
much discussion, were not of a satisfactory nature. 
With the gutta-percha core the fall of insulation 
resistance when the pressure was raised from 52 to 
460 volts during eight tests was 6-6 per cent. Tha 
smallest fall of insulation resistance ■was a,-<i -^e? <^«=A~v' 
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and the largest i0'5 per cent. Similarly _ 

lead-covered cables showed a mean loss of insulation 
of 5*3 per cent., and the other a mean of 2-9. These 
tests were repeated on different days, when there was 
a variation of as much as 7 per cent, from previou^ 
results. 

Overheating in Cables and Bituminous Insulation. 

There is always a tendency to rise of temperature 
in a cable carrying a current. If this heat is not 
carried away as fast as it is generated the conductor 
will steadily rise in temperature. The effect of this 
will be to destroy the insulation and reduce its resist- 
ance in proportion. K the insulating material is 
any compound of pitch, a very slight rise of tempera- 
ture of the conductor will cause the latter to sink 
through the insulation by its own weight. It has 
been found in practice that the bituminous compounds 
so freely used some years ago for insulating electric 
light mains are not of a staple nature; they are 
rather of a semi-fluid nature. It is known that a 
weight placed upon a block of bitumen will gradually 
sink into it. The effect is greatly hastened by a 
slight rise of temperature. The bitumen compounds 
are here especially mpntioned because they have been 
so frequently used with disappointing results. This 
tendency forms a strong argument against the use of 
all such mixtures when they are expected to bear 
the weight of a conductor carrying a current that 
must, under ^he most favourable conditions, warm it. 
There can be no objection to the use of bitumen as an 
insulator, so long as it is not expected to bear any. 
weight, and so long as it is kept dry. 
Any condition that tenis. to k.eeg a cable at i 
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uniform temperature — that is, allows the heat to pass 
away as quickly as it is generated — must be favour- 
able to the insulation. A good india-rubber cable 
well vulcanised, and placed in water or a damp soil, 
fulfils this condition. The lead coating lately adopted 
for such cables greatly aids in keeping them cool. 
The heating of the cable is not only destructive of the 
insulation, but it gives rise to an increase of resist- 
ance which increases the cost of working. 

Dynamotor Transformers. 

The practical application of the two great systems 
ot electrical transmission for lighting purposes has of 
late years gradually proved the question of flexibility, 
if we may so term it, of the alternating current 
system. An alternating current system places at our 
disposal certain practical advantages at the very 
outset, and these advantages may be secured in a 
very simple manner. They are, briefly (1), the eco- 
nomical transmission, at high pressure, of energy to 
great distances through mains of small sectional 
area, and (2) the possibility of converting or trans- 
forming this high-pressure current down to low-pres- 
sure current, adapted for lamps. While _the former 
advantage enables us to use inexpensive mains, the 
latter renders possible the use of an entirely self- 
acting transformer, which, when fed by one main 
current, may yet in turn distribute automatically the 
same power, at a reduced pressure, to one or more 
sub-circuits. 

On the other hand, the continuous current canno' 
I be passed into a stationary transformer and becom- 
I converted in this way, and tlais s\tv^\ft V'aJ*- t^«>^ \ 
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proved an immense drawback to the application 
the constant current in electric lighting of large are 
The constant current can, of course, be as easily c( 
veyed, at high pressure, through thin conductors as 
the alternating current; but here the similarity 
between the two systems ends. We are confronted 
by a difficulty at the " far " end of the line. The high 
tension of the current is not applicable to house light- 
ing, and it cannot be connected to low tension in « 
stationary transformer. 

It is true that storage batteries have been su( 
cessfully used for this purpose, the high pressure 
feeding a certain number of cells in series, and the 
current for lighting subsequently drawn ofiFwith the 
cells in parallel at the required pressure. Bu^ 
owing to certain drawbacks, which it is needless ta 
enter upon here, this system is never likely to bft' 
extensively used for town lighting. 

So far as the application of the principle has taken 
effect in this country, it is chiefly dependent upon the 
kind of dynamomotor now known as a dynamotor. 
This machine may be said to take the place of ai 
transformer, as the latter is used in connection witb' 
an alternating high-pressure current system. 

The best examples of the dynamotor consist of a 
kind of twin machine, one half of the armature con- 
sisting of, or acting as, a motor, and the other half 
acting as a dynamo. One half of the armature thi 
drives the other. Both halves are run between thol 
poles of a field magnet common to both. 

The motor half, as one may term it, is fed by the 
jjgh pressure from the main, while the dynamo half 
„pids a current to a sub-circuit at a low pressure. 
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pressure circuit. Such a machine is, of course, not 
self- starting', since the magnet is supposed to be 
inert. In order to obviate this difficulty the magnet 
is furnished with a few turns ,'of the high-pressure 
circuit wire, which are temporarily connected to it at 
starting. 

So far as these machines have been used, they are 
placed at the points where distributor wires are run 
off the main. The main may feed them at any 
pressure — 500, 1,000, 2,000 volts — and the delivery of 
the dynamotor into the distributor will be at 100 
volts. 

It will be seen that these machines are not adapted 
for isolated positions. They either require hand 
attention or complex arrangements for regulating 
them from the central station. In practice, each 
machine, or set of machines, forms a sub-station, and 
an attendant is usually responsible for their perform- 
ance. As used in connection with the Oxford Central 
Stations, they are placed at the distributor end of the 
high-pressure feeders, and feed into the distributing 
circuits at a pressure of 100 volts. The proportion of 
the total current supplied by any particular dyna- 
motor will depend upon its pressure, and this can be 
controlled by what are known as a pilot or voltmeter 
^I'ire le iritnp fmm "a'''' dynamotor to the central 
^B ascertained by means of the volt- 

V are upon each of the dynamotors, the 

I the load between them in proper pro- 

H"^. Rs a simple matter. 

n> 'Starting of a fresh machine and its withdrawal 
.e managed as follows: — The field of the machine 
1 is first exerted through the series turns before raen- 
\ tioned. The armature is then BlaxXeA, aui "Ccv-^ -^t^yii- 
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sure exerted by the dynamo half of it adjusted nearf] 
to that of the distributing mains into which it is to 
feed. The circuit between the dynamotor and the 
distributors is next closed, and the field magnet 
switched into that circuit. The pressure is then 
regulated at the central station through the feeder, 
until the dynamotor has taken up its proper share of 
the load, which is indicated by the amount of the 
feeder current. The machine is withdrawn by revers- 
ing the order of these changes ; the feeder pressure is 
let down until the ammeter indicates the exciting 
current only. The connection with the distributt 
circuit may then be broken without in any way di 
turbing the pressure therein. 

When we come to examine the action of the dyna- 
motor, and compare it, for practical purposes, as a 
transformer with the automatic converter used upon 
an alternating current system, the preponderance in 
favour of the latter is sufficiently evident. Interest- 
ing to the electrician the action of the dynamotor 
transformer undoubtedly is, but its drawbacks do not 
even end at the fact that it is not self-regulating. Its 
efficiency is necessarily low. There is a serious loss 
of power through each machine. The efficiency is 
probably twenty-five per cent, less than that of an 
alternating current transformer. This is due chiefly to 
loss through friction of motion, loss upon excitation, 
and other causes common to all dynamos and motorS: 
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Relation of electricity to mechanical 


Palerson's voltmeters, 64 


□nits, 186 


Paleison & Cooper's fuse- plate, 164 


Relay, Geipcl's, S 


Peniiant, telescopic, for lamps, 175 


Repairs to the armature, 31) 


Pendaot aims for incandescent 


Reserve cells of accumulator, 51 


lamps, 198 


Resistance for djnamo, aitilicial, 53 


Peiiodic vibralion of brushes, 17 


variable, 73 


faults of dynamo, 33 


and insulation test% 74 


Pdiodiciiy of alternating dynamos. 


insulalion, talting tests of. Si 


S+ 


tests, 85 


Phase of alternating dynamo, 54 


of lamps in parallel, 147 


Phtenii office, rules of, 245 


unit of, 1 8s 


Planning system of mains and 




feeders. Ill 


Reversingsvitch, 16a 


^ Planning of circuits, 140 


Rheostat.bankoflampsasa, 53 


Plug and key switches, 159 


Rheostats, 73 


Flnp, fusible branch, 163 


Ring-contact switches, 151 


Pocliet voltmeter, 65 


Rope driving of dynamos, 1$ 






Portable Wheatslone'i bridge, 8a 


ment of, 19 


lamps, attachmems of, 173 


Rubber cables, 230 


potential, fall of, 117 


Rule of the road for wire?, 175 


_ Precautions, personal, 31 


Runninj; series or shunt dynamos in 


L Pressure, fall of, ■:; 


parallel. 52 


H, fiessures, high, and safety, 291 


leads for arc Um^i, vii> 



Vf^^H 


I^^^^H 
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C AFETY fusei for transfonnere. 


stream in drjn'ng: dynamo, 41 ^^M 


Steel-yard Toltmeteis, Thomsot^H 


plufis, branch. 163 


^™ 


fuse, Scon's, 167 


Street cable work, 221 ^H 


Scod'surcly fuse, 167 


Suez Canal projector, 209 ^^| 


Selection of a syalem, 157 


Sulphating of accumulator, 47 ^^M 




prevention of. 47 ■ 


SepaiAte eicilation, 1 


Switching in dynamo at right tA>H 


Series vindiag of dynamo, 3 


...n,,5o :* 


nmoing of arcs, legulation of; 


Switch-board and testing work, 51 ™ 


9» 


Switch-room indicators, 57 


of >rc lamps, qa 


Switch-board, house main, 121 


multiple wiring, 130 


for dynamo room and occunw* 


system, the. 134 


lators, 122 


Sh>de carrier, HartneU's, 173 


Switching arrangements, 151 


Ship'scell hydrometer. 6r 


Switch main, 151 


Ship testing, importaoce of, S6 


Switclies, ring-contact, r5« 


liEhling, 199 


double-break, 152 


work, dynamos for, 199 


double-pole, 153 


d)Tiarao driving, 200 


for accumulator, 156 


lighting, accumulators in, joi 


branch and lamp, 157 


"Ship-return," 106 


combined with fuse, 159 


Ship wiring, 306 


ping and ring, 159 


fillings, loS 


capacity of, 160 


Shocks, electric nature of, 31 


Switch-boards, Hedges' fuse la 


Shoit shunt compound winding, 5 


167 ^ 


circuit in magnet coil, 38 


System of muns and feeders, plan. 


ciicniling !□ accumulator, 4S 


ning. III 


Shunt winding of dynamo, 4 


the ihree.wire, 134 


Singing of alterTiating arc, 1 iS 


the series, 134 


Single-regolating coil, arc, 89 


the muttipte-sedes, 134 


arc system, obsolete, S9 


of wiring, selection of, 137 


wire work aboard ships, 206 


distributing-boi, 141 


Sir William Thomson's voltmeters, 


the tree, 142 


65 


selection of a, 140 


Soldering, aoies for. 195 




and tinning, 195 




Sparking at commutator, 37 


'TABLE of wire gauges, 146 

T-joint in a branch lead, 19J 


Sjiec ideations, drawing of, 239 


Speeding and belling dynamos, 14 


Telescopic lamp pendants, 175 


Spot, a, on a commutator, .7 




Stranded conductor, joint in, 194 


pcimissible, 274 J 


Starling accumulator, 43 


Testa far leakage in dynamo, 33 ^| 


SttlioD worit, aropSremelETs toi, 61 


^ for internal fjult in dynamcbSS^H 
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1 Tests for leakage to euih, 37 


T TNIT of electromotive force, 184 
^ ofresistance, 183 


1 Tesliiig and auitch-board work, S* 


H Tent-lamps for allematois in parol- 




I li^l, 56 


TTIBRATION of dynamo, evil 
effects of, 13 




■ 74 


Volt, the, 184 


box, 76 


Vohagefor incandescent lamps, 168 


taking conductor resistance, 78 


Voltmeter, Cardew's, 57 


Test of insulation resistance, 81 




Testa, insulation and conductivity. 


maenetic, 62 


during wiring, 83 


Ayrlon & Perry's, 62 


for continuity, 84 


calibiating, 63 


resistance, 85 


Paterson's, 64 


insiUaCion, 86 


Thomson's gravity, 64 


for conductivity of wires, l|9 


pocket, 65 


duriDg wiring, l3l 




for compass disturbance due to 


Sir William Thomson's, 65 


lighting, 205 


Ayrlon &. Perry's spring, f6 


Thomson-Houston's regulation of 
dynamo, g 
air-blast for dynamo, 10 


Volcanised jolniing, 230 


TSTALL insulator, no 
** Walt, the, 18& 


lightning arrester, 107 


Thomson's gravity voltmeter, 64 


Whealstoae's bridge testing box, ;6 


(Sir William) rule for conduc 


portable, 82 


tonandcuirent, 189 


Winding, series, of dynamo, 3 


Three-wire system, tie, 132 


of dj-namo, shunt, 4 


Time curve in lighting, 27 




and current curve, 56 


Wire broken io armature, 40 


Tranbformer, nature of, iiz 


splice joint in armBture,4t 


or conveners, ilz 


gauges, table of, 146 


working of, 114 


gaiiges and gauging, 147 


Tliorason- Houston's, 114 


gauge, gap, 149 


location of, 118 


size of, for the circuits, 143 


damp, remedy for, 119 


Wires, conductivity of, tests for, 149 


in parallel and series, t tg 


insulated, nature of, 150 


necessity for opening primary 


methods of ranning, 17s 




jointing. 190 


safely fuses for, 120 


and cable leads, difference be- 


working off, 135 


tween, 103 


dyuamotor, 303 


Wiring and fitting for arc light, 83 


Tree system, the, 14I 


for incandescent lamps, 124 


Trimming arc lamps, 93 


parallel, T25 


Trotter's dioptlic shade fur lamps. 


the system of, 125 


m 
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WiriDgseriet, multiple method of,i 30 
▼arious systems of, 136 
•election of a system of, 137 
cleat, 176 

in cases and moulding, 177 
of new buildings, 179 
precautions against damp and 
short drcoits hiy 180 



Wiring, tests during^ i8s 

aboard ship, 206 
Woodhouse and Rawson'i main 

fuses, 161 
Work, switchboard and testing, 52 
Working indicators of current, 57 

of transformers, 114 

off transformers, 135 



THE END. 



TRINTPD BY J. S. VIRTUB AND CO., LIMIlED, CITY ROAD, LOXDOT. 




;i tiifi 



lilMHS'l 



WEEK LY - ONE P ENNY. 

Tha ONLY Electric. I Journal at the POPULAR PRICE. 



I RtpleU 'oiith inttreslin^ information on all the latest Electrical suhjecU, 
I THOKOUaHLT PEACIICAL. 

A splendid medium for Advertisements. Rates on application. 



r sample Copy to— 

PUBLISHER, " ELEOTRICITY," 
?/, Ludgate Hilt, London, E.G. 



FREDERICK SMITH &. Co., HALIFAX. 

Galvatiized Iron Telegraph Wire. All Specifications, 

High OoiiduGliivit^ Copper' Wife. 

Soft— Hard Drawn— Tinned— Stranded. 

Also Strip and Rod. 

Stilcium Bronze TVlre (WetUer'a Patent, under license). 



Sixth Edition, crown Sz-o, js. (id. cloth. 

ELECTRIC LIGHT: Its Production and Use. 



By JOHN W. URQUHART. 



It mannor.'' -T.tcgrafkic Jem 



CROSBY LOCK WOOD & SON 7, SW^ionettf -HaSiOMW., 




BOOKS FOR ELECTRICAL ENGINEERS. 



SUBMARINE TELEGRAPHS: Their History, CoDstni& 

lioQ. and Working. Bv ChaHLES BRIGHT, F.R.S.E, Supcr-toj-al Svo, 
about 600 pigP?, fully 'iiliisltated. [In thefrta. 

THE MANAGEMENT OF DYNAMOS: A Handybook 

of Theory and Priclice for the Use or Mechanics, Engineers, SEndenti, 
and olheis in Charge of Dfoauio*. By G. W. Luiiuts PATKBauH. 
With numetouB 111 astral ions. Crown Bvo, 3s. 5d. dolh. 



III! 



Lsetul book to at] wl 



THE STANDARD ELECTRICAL DICTIONARY. A 

Popular Diclionaiy of Words and Termi Used in the Practice of Elec- 
trical EngineeriDg. CoDlaining upwards of j.ooo Dcfioitious. By T. 
O'CoNoa Sl^ANli. A.M., Ph.D. Crown Bvo, 630 pp., 350 Illuslralians, 
75. 6d. dolh. 
"Thewofk hni miDy ultrMtiyn fentuTM In i(, ;ind b. btyatti doubl. a wull pot 



ELECTRIC SHIP-LIQHTINa: A Handbook on 

Practical Fitting and Running of Ship's Electrical Plant. For Ihe Vat, 
of -Shipowners and Builderi, Mariae Eleclricians, and Sea-going Engi' 
neera in Charge. By J. W. Urqchart, C.E. With 88 Si us ■ 
crown 8vo, 75. 6d. cloth. 

"TlieiubiBctoribip declric linhtiiiE ii aDtofvaM importance, ud Mr. 

ELECTRIC LIGHT FOR COUNTRY HOUSES : A Prao-l 

liciJ Haadliook on the Erection and Running of Small Inst alia liotL, 
«ith Parliculan; of the Cost of Plant and Working. By J. H. Kxicatf 
Crown 8vo, IS. wrapper. ' 

"Tlic book canulni Ticellfnl idvin aqd manj practical lupti ht the tidp ofl 
UioH who wtib to light Iheu own hauisi."— SHi'^iof A'nu. * 

ELEMENTARY PRINCIPLES OF ELECTRIC LIOHT-l 

ING. By Alas A. Camphei.l Swintos. Associate I.E.E. TliirdJ 
Eililion. Enlarged aal Kevi^d. With Sixteen lUuslratious. Crowsf 
Bvo, 15. 6d. clolh. 

principlri o( elcclrio-liglilLng Cinnot do boiler Ibiin read IhSi iiiiln mari.'~Brid/tn 



^BCoiwojv.- C 



CboSBY Lockwood Ji So'R,-;,S\a.\Jj«M!ts' Hall Conrl, E.C.I 




A D VERTISEMENTS. 

BOOKS FOR ELECTRICAL ENGINEERS. 



ELEMENTS OF DYNAMIC ELECTRICITY AND 

MAGNETISM. By Phiul- Atkin30n, A.M., Ph.D., Author of 
" Elements of Static Eleelridly," &c. Crown 8vo, 4r7 pp,,withliO 
Illustrations, los. dd. cloth. 

THE ELECTRIC TRANSFORMATION OF POWER, 

and its Application by the Electric Motor, including Elecliic Railway 
Constniciion. By P. Atkinson, A.M., Ph.D. With 96 niustrations. 
Crown 8vo, 7s. 6d. doth. 

HOW TO MAKE A DYNAMO : A Practical Treatise for 
Amateurs. Containing numerouB Illustration i, and Detailed Instructions 
for Constructing a Small Dynamo to Produce the Electric Light. By 
AuRKD Crofts. Fifth Edition, Reiised and Enlarged. Crown Svo, 
as. cloth. \yust published. 






, build a 



THE STUDENT'5 TEXT-BOOK OF ELECTRICITY. 

By H. M. NoAD, F.R.S. Cheaper Edition. 630 pp., with 470 Illus- 
trations. Crown Svo, 9s. cloth. 

THE ENGINEER'S YEAR-BOOK. (Published annually.) 
Comprising Formula, Rules, Tables, Data, and Memoranda in Civil, 
Mechanical, Electrical, Marine, and Mine Engineering. By H. R. 
Krmpb, A.M. Inst .C.E., M.I.E.E., &c. With about 850 Illustraiions, 
Bp«cial!y Engraved for the work. Crown Svo, 670 pages, 83. leather. 1 
\yust published. 
"Repraenli an naarmoui quutity of work, aod famu a doiroble book of 

" The volume 19 diitindly in advance of moit limilar pablicaEioaiia thli counCi;." 
—Bntitfing. 

FACTORY ACCOUNTS: Their Principles and Practice. 
A Handbook for Accountants and Manufacturers, with Appendices on 
the Nomenclature of Machine Details; the Income Tax Acts; theRating 
of Flictnrias, &c. Including, also, a Glossary of Terms, and a large 
nomber of Specimen Rulings. By Emilb Gakcke and J. M. Fells. 
Fonith Edition, Revised and Enlarged. Demy Svo, 250 pages. 6s., 
■trongly bound. 

"A mrv iotcratiniF d«cnpCion of the rci]uiTein«iiU of Factory Accounlt 

Tka price [plB of aisimilaling tie Factory Accounla to the p-""al rnmmi.rri:.l 1i.»t. 
^laime irhlcli w-c thorougUj agroa wiih."— /■ '—.■-■ =- 



>H : Ckossy Locxwood & Sod, 7, SXtticncra' 





AD VSHTISEMENTS. 

BOOKS FOR PRACTICAL ENGINEERS. 



THE MECHANICAL ENGINEER'S POCKET-BOOK 

of Tables, FotmulEP, Rules, ami Data : A Handy Book of Reference 
for Daily Use in EogiQeerinj; Practice, By D. Kinnkar Clark, 
M.Insl.C.E. Third Edition, Revised. Smali 8vo, 700 pages, 6s., 
bound in tleuble leather cover, rounded comets. 



■' It would bs found iliSeult Ic 



u;r 



,tilTM\A 



a bDuk< 



'[%i^:z 









A HANDBOOK ON THE STEAM ENGINE, with espetS 
Reference lo Small and Medium-siied EnRinea. For the Use of Eogfi^ 
Makers, Mecimnical Draughtsmen, Engineering Students, and lls^r? of 
Steam Power. By Hermam Harder, C.E. Translated from the 
German by H. H. P. PowLES, A.M.I.C.E., M.I.M.E. Second 
Edition, Revised. With nearly i,ioa Illustratioiis. Crown T 
95. cloth. 
" A perfect encjclop^xdiA o£ the iteam en^ia 

mnrt lake a pennanont plMB in English drawlng- 



=la;i. »od__inio ■ 



1 

the 

4 



THE PRACTICAL ENGINEER'S HANDBOOK, corapris^ 

ing a Treatise on Modem Engines and Boilers, Marine, Locomotive, and 
Stationary, And containing a large collection of Rules and Practical 
Data relating to recent Practice in Deagiung and Construcling all kinds 
of Engines, Boilers, and other Engineering work. By Walter S. 
HtlTTON, Civil and Mechanical Engineer. With upwards of 370 lUus- 
IradoDS. FifUi Edition, Revised, with Additions. Medium 8vo, tteaily 
500 pp., price i8b., strongly bound, \ytt!t published. 

" Tlie author has colleclea together s surptijinK quaotily of rulei and pnctial 
data, and has ibown much judgment io the selectianahehui made. . . . Theieii«^ 
doubt that this book h oub of the mast useful ol iti kind published, imd will be a i^H 

THE PRACTICAL MECHANIC'5 WORKSHOP COllfl 

PANION. Comprising a great variety ot the most useful Rules al^^ 
Formula in Mechanical Science, with numerous Tables of Practical 
Data and Calculated ResiUls (or Fadhtating Mechanical Operations. 
By WlLLLAM Templetow. Seventeenth Edition, Revised. Modern- 
ised and considerably Enlarged by WALTttR S. Hutton, C.E. 
Fcap. Svo, nearly 500 pp., with S Plates and upwards of 250 Uliis- 
trative Diagrams, 6s., strongly bound for workshop or pocket wear and 



modemi 



inform 



oflBO find of a: 



LoitbOJH: Cross: Lockwood k Sos^Ti^^a&aaea.' HillCotttt»j| 



,' Hall &.i.'kt London E.C. 



CROSBY LOCKWOOD & SON'S 
Cstalnguj of 

Scientific, Technical and 
Industrial Books. 



MECHANICAL ENGINEERING, &c. 



THE MECHANICAL ENGINEER'S POCKET-BOOK. 

Comprising TableB, Fprmulic, Rules, and Data ; A Handy Book of Refctei 
forDaiijOHioEn^nHringPiaorice. liyD. KiNKEAa Clark, M. Insi. C. 
pp., btnjod in flciihie Loalhcr Cov 



i>S" 



i 



;'a„ 



Id) ta Us Dmii 
Bkotim IM«| which ihould ba moR coiDfiaA or convcnKra Iqt v^Vtft i< 



MR. HUTTON'S PRACTICAL HANDBOOKS. 



THE WORKS' AtANAQEIfS HANDBOOK. 

CompiifiiiE Modern Rulo, Tiblcs. and Dxia. Far Endncer 
and Boilir Mnktr* ; Tooi Mskta, Machinirti. and MeraTWoil 
Huu Foundcn, &c. By W. S. Hin-ruM, Civil and Mcduui 
Author of "The Pikiko] Enuinc«'t Hiddbaak." Filth Edi 
Rtvurd, wiih AdrHtimiB. In Onr hniidioine Volume, medium 






amild b famrably naivtd. 




THE PRACTICAL ENGINEER'S HANDBOOK. 

ComprirdnE a Treatist on Modem Engines itnd Binlcn, Muirie, LocomtHive. 
and Siadonajy. And contoimng a lar^e colIccUon of Rules and Praciicnl 
Data rdflling m Recent Practice in Dciigning nnd Constructin; aU Idnd^ of 
EuRineH. Balers, nnd other EnaineerinH wotk. The whole consClEuting a com- 
prdrauive Key to the Board Dl Trade nnd other EiniuinatioBS fat CettificniEl 
of Competency in Modem Mechanical Engineering. By Wauthb S. HUTTrm. 
Civil and MedianicnlEnraieer. Aulhoi of" The Works' Manngei'sHnndbook 
for Enrineera," Ac. Wih upvards oT 37a lllunmions. FiOh Edition. 
Ke^Kd with Additions. Medium Svo, neatly «» 00-, Mrongiy 1>ound. 



BV T^^ Vfork ii da^ntd as 
Mahaceb's Handbook." /( pouum 
Ut prtdKtuor^ — — •-'-■-'■■ 
<d %} Ike AM) 



and ananal faOura, and (on- 
igin^y ndmari /ot pliMcaHtlt. 
-" — '—"'''— 9/ a gnat varitty a/ 




'* A BIBH Of iBbmAthfa hi ilovn In dnple iBnyuMic, JUidbi 4uc1i e form Uiit Lc can be evdtr 
rrea.tOAIbiyclnw. The Duttnr U unflonnly dood and *^ cbven, dnd ^ £mtb ekuddHert 



pncUal nwiaHK.- 



thanjcal engineering. 
mr. mutton's practical handbooks-™-'™™!. 



STEAM BOILER CONSTRUCTION. 

\ P act col Kan Ihook fo Eng nur:. Boilcr-MBken, and 
n™h™L *Bn C * ° '^ °"and WirUhTg of all Kind^of'si 



, By Wai.tek S. Hutton, CivU and 

The WdtW MHnaEer'i Handbtnk," "Tbe 

&c with tipwamB of 300 IlluAciatiDns. 

...... 1»0 

mualumof Ikt Siria of Hmutboola writlM 

_ highly appticiatsd by engineers for the 

ptadicai Bfl/u s 0/ Ihc \/o alio 1 or-" "- '"— -"- "■• 



Mftr«Na 0/ sack a largi amount of thorougMy pmcli. 
BoHtrs, uitU In of cmiu^roAlc iimiM fo thost for u^m 
A( 600* may 6e Jennirf iL(orlft> 0/ ai fanauraite a recipl 



igkiy practical in/ormatton 






IS has btenai 



If tfwy ».t*b la bo IbarDugfaly 









PRACTICAL MECHANICS' WORKSHOP COMPANION. 

CompnAinf a great vanc^of ihe n ueFrul IF Iff Me hantcp] 

FflcQItacipg McUtoDicnt Ope r of 

The Engineer I PtaclicaJ A. <ed 

ModemiMd, and conBdiubl) I \ thnr 

of The Worlis Managers H Hand 

boak, &c Fcap Sva nearl) Illua 

ualive Diagrams, strongly bou d ^ .^ ^ ^ ^ QiQ 




ENQINEBR'5 AND MILLWRIGHT'S ASSISTANT. 

A Collection of Usefiil Tahlts Rules, and Data. ByW 
Seventh Edilton, wllh Additions. iSmo, i^lolh . . 



MECHANICAL ENGINEERING, Sc. 
A HANDBOOK ON THE STEAM ENQINE. 

Wilh especial Reference Id Small and Medium-sized Engines. For IfaE Use of 
Eneine Makers, Mecbanical Diaughtsmen, Engineering Studenu, and UKTS 
of Steam Power. By Heskan Haeder. C.E. Tnuuialcd Siata tbe Geimiii 
with con^erable additions and alleralinna, by M. H. P. PowLES, A.M.I.CE., 
M.l.M.E. Second Edition, Revised. With nearly i,ioo IllustmiiDna. 
Oown Svo, ciotb fl/O 






S1S,£i^a,^^.-^a*^laI liSrii ™™" 



BOILER AND FACTORY CHIMNEYS. 

TbeirDmughl-PowerandStabili^. With a cWternn 



BOILER MAKER'S READY RECKONER & ASSISTANT. 

With Eiamples of Practical GeDmetry and TempIatinE, for the Use of Platers, 
Smiths anS ?'«''«: By John Coubtnev, Edited by D. K. Clark^ 



A.-M. Insi.C.£. With IlhiEiracions. Cmwa 



ImployinE Reftieeraling 

, L J. W^LLlS-fAVLEH, 

doih. QustfttWiitod. 7/6 



HYDRAULIC MACHINERY. 

Transmifdon of Power. By G. Croi 
New E^dilion, Enlsiged. Ctown 8vd. 



A,M.1.CE.,A.M.I.M. 



: OEVELOPMENT. 



CNQINbtRING LSlinATCS C0S15 AND ACCOUNTS. 

M a examples of EnimiUes 



CHOSUY LOCKn-oon >- soxs catalogue. 
PLATINa AND BOILER MAKING 

\ «ni * . By JnserH G. Hcwwer, 

Authu of " Puicm Hiking," Kc 



PATTERN MAKING. 

A Pragncal Treal[«, tmbradng the MnJn TypM of EnrineerinE Conamictioil. 
and including Ocuing, btHh Hand and Miu:£inc-madc3ngini:Work, Shaits 
nnd PuU»y», Pipe! nnd Columns, Scnwt, Madiine Pans. Pumps and Cods^ 

" ' ' is lidded an Appendix 




MECHANICAL ENGINEERING TERMS 

r.-yllcni ^:hop, Kaundcy, Filling, Turning, Smiths', and Boiler Shops, &C., &i^' 
OmipKiJng upwards oT 6,ddd Definitions, Edited by ImsErK G. Horned, 
A.M.1,M.K. ("Fo"™ Pattern Makii"), Author of " Puttem Making, " &t. 
Seeund Ediiian, Revised, with Addiiioni. Croini Svo, cloili . . 7/8 

aiecbBDlcsbaulirhaye i cp/.'—HHiUBir Xitti. 









TOOTHED GEARING. 

A Practical Handbook for OBicB mid Wo 
A.M.l.M.I!l.("FDn:miinPuteni Maker "X A 

buTtlbr Tecvnmenil Ir to nil bireimeCE ns Ih ■ ■■— 



4 



PIRE5, FIRE-ENGINES, & PIRE BRIGADES. 

Wiib a Mislory of Fire-I£ngines, Ihdr Con.-.tIuclian, Use, and Manage- 
ment; Remnik^ on Kire-iiioor KuildiuK^, and the Preservation of Life l^nt 
Fire; Sutislic^ of ih^ Pin Appliances in Enalish Towns; Forngn Fire 
Sjwems: Hint, on Fire-Brigade., Kc, Re. By CMABLes F. T. Ydukg, C.E. 
With Illuslrolions in pp. Demy Svo, glfflh .... ~-' ' 

MOTOR CARS FOR COMMON ROADS. 

r.~-l« "i:-, 'i . ,, ..'"mE.amples'or'St 





MECHANICAL ENGINEERING. 6<. 



STONE-WORKING 


MACHINERY 






A Manual dtdmg «i± 


ihE Ramd end Econo 


micalConversono 


rs.™.. Wi ■ 


HInu on Ihe Ansn»nicnt and Manaeemen 




By M. Powiii 


BALB.M.1.M.E. S« 


ndKdl«Dn,™larBsd. 




B. Crown Bvo. 


dOLh. 






"The tookshouM be b 




or Mudml ot doD 


i™*."-Coi'/*-:>. 


C.anJ^iB. 










whonHnipriuea-acf 


ilHitldtaEoromaiM 


ual pun™«.-- 


PUMPS AND PUMPING. 






A Hind book ror Panp 
MaiSBtmenl. By Hi 


Usrrt. BeinE Nol» on SelecdDn. Co 


astmction, and 


Powis Balb" M.I 


M.E Thini Ed 




Crown a™ cLod. 




[/Krfft 


i^ktd 2/a 




nncl-yEpoalhlt In 


&ct <:<Mid««Hdii r. 




n«,™,«„ "' 


B HI ^ethnloesnot 




ui^Wn^uiKlyl'o 




clMriv "ritt™ 


Glaspm/lrmM 




MIULIM n \..illN 


s AND PROCESSES 






apjng Mtals 


by Rolaty Culte 


t. IntrudioE 



LATHE-WORK. 






LnlargeiL WaasLcuat-pockcl juze 






s Tables and complele 
iurlb ^iiioD, 



TABLES AND MEMORANDA FOR ENGINEERS, 

MECHANICS, ARCHITECTS, BUILDERS, ftc 

Sdccled and Amngcd by Fkanci& Saiith. Sixth Kditlon, Reviud, including 
EucTRicAL Tables, Fohmuuk, imd Mbmoeakda. Waisicoai-pocket siEe, 
"- ' Unsi P't-liihtd. ilH 



POCKET GLOSSARY OF TECHNICAL TERMS. 

Eag)i<h- French, Fnach-EnEluh ; wiih Tabt^ aiiiablE for ihi Arc „, 

Eaginotring, MMufacturiog, and Naulical ProfesBon!. By Jqmb Iames 
Flbtcheh, Engineer and Snrveyot. Second Edition, Reriled and Enlarged, 
loo pp. WoiHcou-pockd liu, limp leaiber 1/S 

M iBEB anunber oTlhe «1irdi rSadiv b nvtoearjng wTiaMDrjictiiivn nllecEHl Gl a tiUS 
ntaBB. Tbe Httle book wfll be HefiAboEb to ADilaT " ^ . ^ .. . 




8 CROSBY LOCKWOOD 6- SONS CATALOGUE. 

THE ENaiNEER'S YEAR BOOK FOR 1S97. 

CompriHiiB Formula, RuIm.T " " ■ " " 

Eleclrkij. Marine and Mine 1 

M.I.E.E., TKhRical Ofliccr „ , . 

Office, London, Aulhor of "A Hnndbook of Electrieol TeMinE. 

EIccEric>1Bnginccr'sPocket-Book,"&c. With nbuuE 850 IlhiHrBCians, apedatly 

" "--- ' " ' -p., leather, l/usl PiMukii! BIO 



tiiclmlton.'KLIhuidayjiBtly bculdofi-''— jV«tiVv7nrnwJ, 

"Tlim ll omaln^ roow lot lira oenmintr. wfiteli lupiilin ciidjiiunleas ud dlnakmL u 
wdluMmlK andlatilB, ItdExrvs 10 becDme one oT lbs most inccairal °( Ih* IBCt^^ 

" Brinsi EoffHhar wtlh gnK tVa aM Uie ttcbnical lafi>tinAIloD wlHcli on englnHr b« td Ina 
d«y by dIV' Ublaercfy wiyaitutEably e(tutpiwd.Aiul^wirDiaFEinwic«9iruL''-'JfDCinMH. 

THE PORTABLE ENGINE. I 

A Practical Manual on It! Construclion and ManHgemeni For Ihc use 
of Owners anJ I'sci'. of Steim Enpnes generally Bj William Dvsos ' 

IRON AND STEEL. 

A Work for the Forge, Foundry, Facloiy, and Office. Containine ready. 

Manners of Bii^°rJ|, PltuTand Sh«rRolIinK Mills; Iran and Metal 1 
Founden; Ima Ship and Bridge BuQderi!: Mechanical, Mining, and Con- / 
tulting£neineen:AR:hiiecti.CDntiaclDn,Builders,&c By Charles Hoarc, I 
Aiitfaa[gf"T!ieSlideRule,"&c. Ninth Edition, jimo, leather . 6/0 | 

CONDENSED MECHANICS. 

A Selection of Formulae, Rules, Tables, and Data for the Use of Enginec..„„ . 

Sludenli, Science Classes, Sic. In accocdnnce with the Requirements of ilie I 

Science and Art Department. By W, G. CBAWI-omi UucBES, A.M.I.C.E. t 

CrownS™,c!oth 2« 

THE SAFE USE OP STBAM. 

ContaininERuleslbtUnprofesManalSteamUsers. By an Ekgikeer. Seventh I 
Edition, ^wed 

HEADING BY HOT WATER. 

and Suggestions en the bc^it Methods of Keatini 
oil luial Buildings. By Walter JoHes. Second 




CIVIL ENGINEERING. SURVEYING. &v. c, 

CIVIL ENGINEERING, SURVEYING, &c. 
LIGHT RAILWAYS FOR THE UNITED KINGDOM, 

INDIA, AND THE COLONIES. 

" «'cil_Handbook it lio^ forth ht Princ'ples on wh'th Lghl Railways 



Knici aC LiKaJ Railna 
anJ n BdE um, Fran. 



-. -«liog ft 

IF Constructed Wo ked 

already estabUshtd n h e ■ 



PRACTICAL 11 ^^hl LINQ 



THE WATER SUPPLY OF TOWNS AND THE i 

STRUCTION OF WATBH-WORKS. 

A Pmctical TrEBti» foi ifae Use of Engimwrs and Sludcnls of Engii 
By W K BUIITOI, VM lojt. C.E , Proffssm of Sanitaiy Engin«nn( 
Imperial UniverHty Tokjo Japan and Consulting Engmea to the 
w.,-, „ „L. ttl.v, .,„ In.ifndu on THi. EFFECTS OF Ei 

IRKS, b) PlofM.™ TOHS MlL-iE, 
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HYDRAULIC TABLES. C0-.EPP1CIENT5.& FORMUL. 

For I'indinRilKDiKhiageuf Waist ffoni Orifices, Noiches, Weirs, Pipet M 

Kiva«, Wilh New Vonaais, TaWe!, and Geofroi Infomulioii on Rj--- " 

Catch menl-BBsiiu, Diainsie, Severaxe, Water Suimly for Tgvns ao 

Power. By John NnvitiE, CivirBngineer, mTE-I.A. Third t_ _ 

---—'--■'-""■■ " - ■■■ ■ " wnBvceloth . 14] 



HYDRAULIC MANUAU 

Consitlinc of V> orkine Tables an. 
Hldraulc Calcularion and F e 



WATER ENQINEERINO 



mem Storage, Con ■ 
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CIVIL ENGINEERINC. SURVEYING. S^. ii 

MASONRY DAMS from INCEPTION TO COMPLETION. 

Including numerous Fonuubi, Forms of Sotcificalim and Tendti, Pockel 
DiaKrani of Korcts, &c. For ihe uie of Cvil nnd Mining Kneinccrs. By 
C. F. CouHTKEV, M. Inst. CE. Bvo, cloth. [Jutl FubSshtd. 9JO 

RIVER BARS. 

The OiuKi of Ihtir Formuion, nnd their Trtatimul by " Induced Tidal 
Scour;' with B Description of Ihe SuceessfuJ Reduction hy this Method of 
the Bar at Dublin. By I. J. Makn, AjshsI. Kng. to the Dubhn Port and Docli^ 
Boacd, Royal 3vd, ctoth 7/6 

DRAINAUt or L\NDs l(>\\^s \M) HI ILDrNQS " 
Bj >.c 

Au 4 6 

dVBAi ° ^ P e 

TRAMWAYS THEIR CONSTRUCTION AND WORKING 

Eoibnc nc a Camp ehens e H or) of he S> teni with an exhaust e 
Anelys of the Vonuus Midt of T at on n ud ng Hone Poter Stcun 
Cable Traction Elec n T n '^ L escnp on of the \ anetie of 

Roll ng Slock and atup I e at of C and Wmlung Eipeiues. New 
Ed Hon Thoroughly He i aj d In d n? the Progre» recently made En 
Tramway Ceciatru on tic l-> I- h. KKEAB Clash M lQlt.CE 



I PRACTICAL SURVEYINQ. 

A Tcxt.Boi^ Ibr Students ptepA/ing for EHuninations or for Survey-work 
the Cdonies. By Georgb Wi UiiLL, A.M.I.C.E. With 4 Plates and 11 
wardiofijolUuuraiiDns. Fourth Edition, Revised and Enlarged. Includi 
Tables oT Natuia] Sines, Taneenis, Secants, &c Crown Bvo, cloth 7/6 ; ' 
on Thin Papek, bound in limp leather, gilt edges, tamded comers, I 
pocket use 12, 
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>UD TO SURVEY PRACTICE. 

" ".cference in Surveying, Levelling, and Selthlg-wt ; and I 
ifTravdlciB by Land and Sea. With Tables Jllustraiions, 




CROSBY LOCKIVOOD &■ SONS CATALOG] 



TMcy by mcaiu of SttoJtft 
TbcodoEilc, Cftumg-out and 



ENGINEER'S « MINING SURVEYOR'S FIELD BOOH 

a vf TabUa, with Ru^es. Explcmulons of System 

Edge and Set Square only ; LeveUhig w 
. ReducuiE Levels la Datum, and Plollina Scctimu 
IJDJt-out CuEvei with the TbeodoLile by tWlgcncial 

.p — Kight and Lef^-hand Rcadifigs of Ibe InstrumenE ; 

tiinB-out Curvt* wiihoni Tbeodnliie od ihe Sraicni of Tangential Angles by 
Is itf TangenU and OK^I ; sod Eanbwaik Titles lo Bo feet deep, calm- 
ed r« evtiy 6 indKi in dnMh. Ky W. Davis Haskoll, C.E. With 
rneroui Woodcnu. Founh Edicioo, Eolused. Ciawn Svo, clcili . fS.'O 
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LAND AND MARINE 5URVEVINO. 

In Reference lo the Preparation of Plans for Rnotb and Railways; Can ali , 
Rivers, Towns' Water SuppUes ; Docks nnd Haibouis. With bescriputm 
and Uk of Suiveyine Instramenls. By W. Davis Haskoll, C.E. Seccnd 
Edition, Revised, wiQi Addiiions. J " '-■■•- '"" 



ibe Conatruclior 
addiiian of La» 



PRINCIPLES AND PRACTICE OF LEVELLINQ. 

s Applicadcoi to Patposes of Railway and Qvil EnpneeringM 
-■-in of Roads; mtb Mr. Tklpord's Rules for ihe s« — *■ 
SIMMS, F.G.S.,M. Insl.CE. Seventh Edition, i 
S Practical Ejamples for Setting^nit Railway Cun 
"I'lUUTwiHK-s J^ield Practice of Layin£-.out Circular Cur "'-' 

',• TrAUTWIKB on CUKVES may be had separate . 

AN OUTLINE OF THE METHOD OF CONDUCT! 

A TRiaONOMBTRlCAi. AURVEV. 

For the Formation of Geogmphical and Tupoersphicsl Mapsi 

tarv Reconnaissance, LEVELLING, &c^ >nth Useful Prnhlems, Formula, 

and Tables. By Lieut. .General Fsome, R.E, Fourth Edition, Revised anil 

■ - ._!..._ ._,,_.__^ .^,.^ "Vahhek, G.C.M.G., R.E, 

. . . IS/0 



TABLES OF TANGENTIAL ANGLES AND MULTIPI 

FOR SETTINQ-OUT CURVES. 

Prom c to 1^ Kailius. By A. Beaielev, M. InsuCE 4th Edi 
Printed on 4B Cards, and sold in b cloth box, waisicoai pocket un 




kPH-WORK TABLES. 

r f-FTi.rf iind Slopes of Ci 
Unght, for use 
WATswt Buck, JL Inu. C.K. 




CIVIL ENGINEERING. SURVEYING, &^. .^1 

EARTHWORK TABLES. 

Heights or Deijths up lo .In avenlEe of Bo freL By josEl-H BRDADBeKT, C.E., 
and FxAKCis Campin, CE. Ctorni Bvo, doth ... . 6/0 

) A MANUAL ON EARTHWORK. 

K. J, S. Gbakam, CE. With numertnis Diagrams. SeconJ Edkion. 
oih aiB 

\ THE CONSTRUCTION OF LARQE TUNNEL SHAFTS. 

A Fn^tkal and Thtorstica] Essay. By T. H, Wat*on Buck. M. Insl. CE., 
Re^dcDl £ngin«r. L. aad N. W. R. Witb Folding Pistes, Bvo, cloth 1 2/0 

CAST & WROUGHT IRON BRIDGE CONSTRUCTION 

(A Camplele and Pmftlcai Treatise on), iocinding Iroa Foundations. In 
ThTH Parts.— Thuituica],Ptaclical,aiidDescripliR. By William Huhber, 
A.M.ItLst.C.E.,md M.lnst.M,E, Third Edilion, revised and much im- 
pttned, wilh 115 Double F]aiES(!ia of which now lint appeai in this editioo), 
and numerous Additions to the Tut. In a vali., imp. 410, liill-haund in 
mmtKco £6 16s. 60. 

MctJJ dciriflg the laK fl»o^i% under the dlreerSoH of !>.■ . ■ . 1 1.. ■■ - - • uImii. 
«i{[l]i*ara, flip druwn hihI specj&ed In great rieuiL"— <ffj(itV*f«r- 

ESSAY ON OBLIQUE BRIDGES 

(Practiml and Theoretical). With 13 large Plates. By the Ute GEOncn 
Watbdn Buck. M.I.C.E. Fourth EJllioi>, revised by his Son, J. H. Watson 
BucK, M.I.C.E. ; and with the addition of Descnpiioo to Diagrams for 
Fnaliuuing theConstiuclion of Oblique Biidgia, by W. H. BarloivTm.I.CE. 

II Koyal Svo, ctoth 1 S/O 

li sBdlt would tw{iDpDidIldfltatcm«ilr.Abeni!r."-^fWiRtfr. 

thflfbhjw af mfli^of the (ntrlcac[« mppoMd IQ bekmElo If, An a ^Ide to ihe onftnaar aud 
lircllit«ci. on 4 coafPHedty dlllkiill auEiJ^I. Mr Hucb'r* work U unflucp^meft-"— Ah'AAjW A>i^f. 

THE CONSTRUCTION OF OBLIQUE ARCHES 

{A Practical Treatise on). By }ohs Mabi. Third Edition, with Plates. 
Impuia] Sva, cloth B/0 

GRAPHIC AND ANALYTIC STATICS. 

Pi™?flnd'*olh" Fa^e^al^ Bi''l!^m)soN ^AHAH, C. ™ Conl«ning 

cxi^ng Structures. Spedaliy amngHi Gx Class-work' in Colleges and 
" , Second Edition, Revised and Enlarged. Bvo. doth . 1 6JO 



k^eiQHTS OF WROUGHT IRON « STEEL GIRDERS. 

A Graphic Table for Facilitatmg the Computation of iheWeii)n.%tS"Mim.-A.\ 

' -■ "—• '"'-ders, &c, for Pailiammiarj ani Wiwi ■^^CaDioBt. 'J';^ 

le, M. Ihil CE. OoB.S\i«i ^^ 



a and Steel Girders, i 



■?^ CROSBY LOCKWOOD &■ SONS CA' 

HANDY BOOK for THE CALCULATION of STRAINSf 

riU, &t"'"By'"&iLilMf"]^UH'Bta''TX'1iHL'cE.r&c.™F1fih E^t 
OoHD Bto, wuh neirty idd WoodcDU and 3 Platen, ckHh . . . ' 

"Wi hnrtOy coaatai H& nullr ibMitt Iwok id hut 

TRUSSES OF WOOD AND IRON. 

Pncdcat Applicaiion^ of Science in Detcnnining the Stresses, tirepldng 
... ■_... ^ g^^ Loads, ScMitlingB, nnd Dttuls ofCoaslnitlion. With Corapltte 




WciffhEi, Sa^ Ld.-uEs, Siaintline^ and Dct^ls oTConstmclioii. with Coniplrte 
TrSIim.^ sS^F^Scitnce md An. OWone'^, d^'' . T" . 4^ 



THE STRAINS ON STRUCTURES OF IRONWORK. 

With Pmclka! Remarks on Iron Consiracrion. By F. W. Sheilds, M.l.d 



A TREATISE ON THE STRENGTH OF MATERIALS. 

Wi,h Rules fo, Applioiion in Architecture, the Construction , " " 

Bridges, Railwam, fct. By Prter Baki-dk, F.R.S. A new Ec. , 

hr hi-, Sons, P. W. Bailuw, r.lt.S., and W. H. Barlow. F.R.S. ; id vhidi 
ate added, Eiperimenls by HoDGKiNS'jN, Fairbairn, and Kirkaldv; and 
Formula! foi calculating Gliders, dc Arranged and Edited by Wm. HuiTSKit, 
Wooddll^'cloth .™*'. '■°'_*"_PP-'_'"'_ '9_"'K=_ =^= ^ !"^(0 

STRENGTH OF CAST IRON AND OTHER AlETALS-J 
SAFE RAILWAY WORKING. 



1 



n of Modem Appliances and Systems By Cl 
Vice-President nnj Cu ■ '■ " -■- - '- 

Enlari^ Cro^ 8vo! ^loth"* 



l!,"vice.Prcs!dent ani\ Cu.wullidB E.i(rineer, „ . ., 

lilustralionii and Coloured Plaies. Thinl EdiliB 



EXPANSION OF STRUCTURES BY HEAT. 

By John Kbilv, C.E., late of the Indian Puhlic Works Deptinmenl. I 



A TREATISE ON FIELD FORTIFICATION. 

TheAttackofFotlres.ses, Military Mining, and Reconndiring. _, 

Colonel I- S. Macauuiv. Sutlb ^.Oitian, ovun Svu, with sspaiue Alia 




I NUMBER'S PROGRESS OF MODERN ENOINEERINQ. 

Secomd Sehiks. Imp. 410, irith j Douhle Plates, Photographic Portiail of 
Robert SlephenMn, C.E., M.P., FXS., gu^, and copious descriptive Leller- 



is, SpeoficHtions, (tc. Half-mori 

LiBT OP THE Plates anu Diagrams. 



I HUMBER'5 PROGRESS OP MODERN ENGINEERING. 

J. R. M'Clcail, late Pres.' InsL Ee., and copioiis descriptive Letterpr 





THE ENOINEMAN'S POCKET COMPANION, 

And Praclicnl Edncalor for EnBineraen, Boiler AHendant!. and M«han 
By MiCHAEt Reykolds. Wiih 49 llluHniLioiii and namaoui Diagra 
Third Ediiion, Rcviseil, Royal iBmo, strongly hound Tot pocket wear S 



MARINE ENGINEERING, NAVIGATION, &■:. 



•MARINE ENGINEERING, SHIPBUILDING, 
■ NAVIGATION, &c. 



r 128 







1 TERMS, PHRA5ES, AND WORDS 

fedinicil I>ii:tiGnary of) used m the EnEli&h and French Lnneuggcs 
nglbh-French, French -English). For ibc Uxof Scunen, Engmeen, PUots. 
ipbuilJm, Shipgwn™, ind Ship-bralteri. Onnpil«l by W. Pirrie. Iuc of 
ihe African SicamshipCompuiy, Fcap. Bvo. chub limp. IJiHt Puhlisiui, tilQ 



ELECTRIC 5HIP LIOHTING. 

A Handhook on Ihe Pm^-ilial Fiilinc =n. 
f« the Vie of Shipowncn und BulTders 



sj?l: 



•inninE oC Shi]»' F.l«lriail 
BT, Author of" Electric 1 



MARINE ENQINEERS' POCKET-BOOK. 

Coiuiitine of u»fo1 Tablet and Fotmuls. Hj Fhakk: Fhoctor 
Third Edition. RoyaJ jimo, lealtrr, gill rdges, with strap . 

ELEMENTARY ENQINEERINO. 

A Manual for Young Murine Ensinn'-n e 
on MtBk^ Xll.^, 5 







CHAIN CABLES AND CHAINS. 

fuofLinki, StudF,&c, Icon foi Ciblo and Chiii^ 

ilaking, Fotming and Welding Links, Sirengib if 

u^tcsTgr Cables, Muking Cahles, Prices of Chain 

*icd JSma, Acts oT PuUsmenl, StalatDry Tens, 

ng, ust af ManuFactums of CaUea, Kc, &C. By 

LI, FE.RN, M.Insi.C.E., Engineer^urveyor^n-a ' 

L r if Chain Cabif and Anchor Proving Enablishmi 

1 -ni Lloyds Committee on Proving Eaablishr 

[llu^ttaiions, and Liihagraphic IJtawIngK. 



tSBY LOCKWOQD &■ SONS Ci 
BRITISH MINING. 




\ DiacOTety, PrACIical Dflve!lopilient, li_ „ 

IcuUiremu Mmo in Ihc United Kingdom. Bf Rdbe 
Late Kfiopcr of Minbf Kcqords. Upv^rds of 050 ml, with 
L ScCflod Edtiion, KiViSbi. Super^nynJ 3vO| cLoih £2 S^. 
,....-.,, ^ mpiliH' snhjocls, and we knu- of 




MINE DRAINAGE. 



CoDiplcn snd Practkil Treatise on Dinct-Actine Um 

Lmiring Machinery, with « Dc^tcription of a UrgiE number of 

Unguis, their GenenU Utility and the Special Sphere of [ 

Mode or iheir Application, and their mnita compand wit] 

Pumping M a ch i ncf y- ■'-^-'-' — - *»"—.-- =— ~i-.t 



Pumiring Machinery, with a Dc^icription of a largiE 

Mode or iheir Application, and 
Pumping M a ch i ncf y- By ST^ri- 



rauKhlr wr 



!i>Im!^^ 



THE PROSPECTOR'5 HANDBOOK. 

A Guide for the ProBpector uid TiBYeller in search af Metal-BcariiiE or other 
Valuable Minerals. By T. W. Akdeh^dn, M.A. (Camb.X F.R.G.S., Author 
Df ■' Fiji and New CJedonla." Seventh Edition, thoroughly Keiied and 
much Enlarged. Small crown flvo, cloth, 3/6 ■ "i leather, pocket-liaDk fgnu, 
with tuck. [/iH/ E-"--'-' - — 






NOTES AND FORMULA FOR MINING STUDENTS. 

By John Heemah Mebivale, M.A., Certificated Collie[yManwcT,Frofesa 
of Mining in the Durham College ofScience, Ne«-cMHe-upon-Tynt Thin 
Edition, Revised and Enlarged. Smaller ..1-1 

L« ChrKTvLce EQ Hudenli Bnd tlmso who anr praciica 

THE MINER'S HANDBOOK. 

A Handy Book of Reference on the subjf 
Op^tions, Ore DrestinE, fie For the Uh 
in Mining Matlen. By Jokh Milhe ~ 
Imperial University of Japan. Revlset 

POCKET-BOOK tor MINERS and METALLURGISTS. 

Compridng Rules, Formol^ Tahlea, and Note? for U« in Field 
Woik^ By F. Danvess Poii-eb. F.G.S., M.E. Feap. Svo, leaiii 

MINERAL SURVEYOR and VALUER'S QUIDE. 

'Xhirti 




MINING AND METALLURGY. 



fE COLLIERY MANAGER'S HANDBOOK. 
bMign«ra-iBBMl!urR^«cn« for Coll i&yMaiiagf«, and for 3ie Use of CoiU 
Minmg Students preparine for First-class Ccrdficatei. By Caleh Pamelv, 
Mining Engineer and SuTVEyor; Member of IbeNorita of England ItulIlulc of 



^E|. 



D s^jams 



1i Wales las 



™'^iK; 









COAL & IRON INDUSTRIES of the UNITED KINGDOM. 

Compri^ng a DeKTiption of ihe Coal Fields, and of the Principal Seams of 
Coal, with Rtlums of Iheir Produce and ia DistribniTon, and Analyses of 
Spe^ Varieties. Also, an Account of the Occurrence of Iron Ores in Veins or 
Sums ; Analvses of each Variety ; and a History of ihe Rise '" 
Pig tnm Manufaclnn. ByRtcHARo Meade. Svd, dolh . 






:>f Iron Ores in 

"■ Old Ptogtes.? ot 



(fca™i.--/ 



[, M.A., F.R.S., &C., Chief Inspeclor 



COAL AND COAL MINING. 

St Lhe Ibk Sir Wabihgton W. Smv 
of the Mines of the Ciwvn. Seventt 



ASBESTOS AND ASBESTIC. 

Their Propetlies Occurrence, and U 
IGnenlogisi. Hon. Mem. Asbestos Club, 
^lolype Plates and other lilustrations. Dem 



SUBTERRANEOUS SURVEYING 

{Elementary and Practical Treatise on), with ar 
By TlIOIitAS Fenwicu, Surveyor of Mine;, anc 



jPRANITES AND OUR GRANITE INDUSTRIES. 

^^ ByGeoBCK F. Hahris, F.G.S., Membre de la Soci«i Beige de G&loeie, 

LecIOTer on Economic Geology at the Birlheclc Itistitution, Sec With Iirns- 



THE METALLURQV OF GOLD. 

A Prai:ti<nil Tiauiit u<i Ilii Mcullurgko] Trial 

Cwude, uhI the Audvingt Meliiiuf, And Refining of GoiiL By H' Ei£h. 
Hlninff RnoiKcr luid MetrUlurgic^ChemiK, Ibrmerly- AAiittant Asuyer at 
ir.S. Mini. Sui Knodsca, Fourth Ediiiini, Kniarged. With about ija IH 
muAu Apd iiumcToup Faltliiitf Platca nnd WarkinE DrawnoL, Laret 
8vo. tlolh. .... L/m' fiSKifud. 



THB CYANIDE PR0CES5 OP QOLD EXTRACTION. 

InLludiiie il) Practical Applicalion on the Wiiwaiersrand Gold Fields in S.. 
Afiica. By M. Eji^^LEIi, M.E., Author o( "The Metallucsy of Co\d,"l 
With DiHgranu and Working Draw[ng>. Svo, ckith. l/oif PuMthid. T 

i«nnLii(i(iiildIrsinBillinn.~— jlM%^ jEiHnii/, 



THE METALLURGY OP SILVER. 

A Pntctical Trentiie on the Amalpunation, Ko 
Ot&l TncEudinE the AsKaying. Frfehme, luid 
M. EISSLEK, AuihoT of ''The Meti^nigy r 



:finina of 
Gold;" i 



IluEtisn. Bf 
Tiitd Edition. 

■ lore 






THE METALLURGY OF ARGENTIFEROUS LEAD. 

DcscriiHion* of Modern Smelting furnaces and Plants in Europe and Amej 
ByM. EissutB, M.E., AnthDi<>f"TheMetal1u[gyD[Gold,"&c Crown 
400 pp., with .83 IlluittatiiHii, tlolh 1! 









THE IRON ORES of GREAT BRITAIN and IRELAND. 

Th N -HJ O gin and the Melbodi of Seambing 

and T some of the lion Om of Spain. 

J D k eer Ciawn Sve, dolh . . Ifl 



ELECTRICITY. ELECTRICAL ENGINEERING. 6^. 13 

ELECTRICITY, ELECTRICAL 
ENGINEERING, &c. 

SUBMARINE TELEGRAPHS. 

Thdr Hisloiy, Conslruciion, and Working. ByCH*aLE! Br.ght, F.R.S.E. 
Supet-royal 8vo, about 6m pp„ fully lUuslralcrf. [In the Puss. 

[To Subscrilm's bcfort p«blicatioK, tan. Hit; aflsr publkaiim ihi prici 
Kill bt ttisid lo£3 3B. ml.] 

THE ELECTRICAL ENGINEER'S POCKET-BOOK. 

of M«lem Ru^K Fomulie, Tsbles mid Data. By H. R, Key 



M ImlE i. A.M Itui C E , Techn al Offitr Poilal Tele 
\ Handbook of Elecincai Testi ~ ~ 



^^ ' A fliy u -ok f n-n o tiai\j usB in brHCli »3 drctrlcDl enBlnHrill); ,ir 

ELECTRIL I Kilir IIITINO 

A K^i. iJLjuK V t I- "^ al F gin«rs embodying Prsclical Noli 

"eI(c c^LKhl^'tc" W^ numerous'' llluslral ons. "ruld Ed! 
Revised with Add ti ns. C own B -o c olb [/usf Pi'blalitd. 



ir lh< Tnalment of 

1: ij^hl Filling," "ElecDo- 

IJiisI Pub&luS,^ Tie 



DYNAMO CONSTRUCTION. 

A Praclicii] Handbook for the U» of EneinHr^Constnicters and Electricisiis- 
in^Tbiuge. Embradng Fiamexork Budding, >1e]d MagnH and Aimature 
Winding and Grouping. Compoandlng, &c. With ExamplB of leading 
Englisb. American, and Conunenial Tlynamos and Motors. By j. W; 
if "Electric Light, &c. SnsiBd Edilion, Enfarfed. 



^ ; iiw™."; 




' «4 CROSBY LOCKWOOD &■ SONS CATALOGUE. 

THE MANAGEMENT OP DYNAMOS. 

A Hud; Bt»k of ThiDiy and Pmcricc for Ihc Use of Mccfanniu, Em 
Siodcnli. and «h»rs in Chnige of Dynamos. By G. W. I.oh«is Pat 

In k paaHW w hkEilB y bMdIlj 

THE STANDARD ELECTRICAL DICTIONARY. 

A PopnlM Ditiioimrj. of Words ind TsriBS Uwd in the Prsdiice of Elccrid 
Slimhe, A?M., ni.D. CmuTi 8va, 6]DppL, jsallluumdons, dalb . 7JB 
■■ W^?? '"' """' '"""fv" (MBiiM io it, md Is, bwoad doubl. i weU pui loenhw m) ^^^ 
ii™i s,BB relcrnKR *H1 In lauSj^^JtaSo^XnSni. '"^'"'^ """ "^ ' M i° "^^^1 

ELECTRIC SHIP-LIQHTINQ. ^M 

A HuhHkhIe on iIk Fmclical Filling and KunnioE of Ships' fUectricol Pbn^^^l 
For Ihe Use of Sbipownvn and Builden, Marine Sltclridans, and Scaagiag 
Knpnem-in-ChKge. By J. W. Ukquhart. CK. With S8 IHiuumon!, 
CniTo Svo, cl«h 7/e 

ELECTRIC LIQHT FOR COUNTRY HOUSES. ^M 

A Practical Hondbook on the Ereclion and Running of Small InslaOuioiiJ^^I 
wiih Panicular> of the Com of Plant and Working. By J. H. Knight^^H 
^Cro^Bvo, wrapper -" . .1,qH 

ELEMENTARY PRINCIPLES OF ELECTRIC LIGHTINQ. 

By Aulh a. Caupbell Swirton, Auociate t.KE, Third Edition, Enluged 
andRerfseil. With leiliuMialiont Crown Bvo, cloth . - 110 'M 

...e,r;7^,ij;^'^^".?^^?s'-.")i:s?«i;^i:?t.^iss 

DYNAMIC ELECTRICITY AND MAQNBTISM. H 

By Philip Atkinson, A.M.. Ph.D., Author of "Elements of Starie ^1 
Eleclrlcily," &c. Crown Svo, ,. 7 pp., with iso Illustrations cloth - 10j9. ^1 

THE ELECTRIC TRANSFORMATION OF POWER. ^ 

With in Application hy the Electric Motor, includins Elecldd Railwmt 
Consimction. By P. Atkissd.-j, A.M., Ph.D. Wiih 06 Illusirarioni 
Crown Bvo. cloth 7,e 

HOW TO MAKE A DYNAMO. 

A Practical Tieatise for Amateori. Contoiiune numerous Illunraiioiu and 
Detailed Instructions for Constmcdng a Small Dynamo to Produce the 
Eledrid Light. By At-PBEO Ceons. Fifth Edition, Rewsed and Enlarged. 
Crown Bvo, dolb. IJiui Publiiluil. SlQ 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. 

By H. M. Nqai), 7,11,5. . ■n-^ti ^/Stmn. 65Q Bp,, mili4jo lilasliatjoiu, 
Omwn Bvo, doth """ 



ARCHITECTURE, BUILDING. 



ARCHITECTURE, BUILDING, &c. 



PRACTICAL BUILDING CONSTRUCTION. 

A HaDdbooli for Students Prepuine far Examinsliam, and a 



/«*'■,. T^^, 



St^cond Kdition, RcvEsed and Enloiced- 
■I llIiuirBiioiu, cJoiIl IJoit PHblishid. f/B 









iiu tifBlOish A nltilia 



PRACTICAL MASONRY. 




k p .. 

J4 pp * th JO Li hograpb 



AidMS, Nich , 

ih U ofS dents Masons. 
E, BDildine nspei:! Lb 

' '" PatH DipnsmK 



and C ki Works By 
pp w m«™ _^^ 

HE MECHANICS OP ARCHITECTURE. 

Ice on Applied Mechanics. c^pcdaTly Adapted to Ihe Use of Architects. 
'. TxBN, M.A., Author oT " The Science of Bmlding," &>:. Second 
EntBi^ed. Ilfiulraled with ii;ULi^rams. Ciown Bvu, doth 7/S 

I LDCKWOOD'S BUILDER'S PRICE BOOK for i8q8. 

i Comprehensive Handbook of Ihe LaleEl Price." and Data f 
_lKhilecl5, Engineers, and Conlraclors. Re-constniclcd, Re-.... . , 
Gteail)- Enlarged. By Fbancis T. W. Milled. Boo doKly-prinled p 





MEASURINQ AND VALUING ARTIFICER'S WORK. 

(Tht Studenl's Guide lo ihe Pradice of.) Containing Diiwlions foi laking 



Tobies of ConiUnu for^TaJusiion of Labour, u 

lies. Otiginaily fdiied hy E. DoBH 

Tarn, R.A. Sixih Edition. Wll 



&5.1 



omEJft. 1 




TECHNICAL QUIDE, MEASURER, and ESTIMATOR. 

Boilden and Surveyors^ Containing Tecbnicfll DirectionH for Measuring , 
k in ail Ihe Building Trades, CamplEtE Speclficuions for HouKt, Roi^ 
Draios, and an Ea^ Method of Estimating tht puta "' " ""''" " 
iciively. By A. C. Beatok. E^hth Edition. Waisica 
gilt edges 
"Jtc bulldn. at 




CONSTRUCTIONAL IRON AND STEEL WORK. 

U Applieil lo Public, Privale, and Domtstic Buildings. A Praclicil Treatise 
br Architects, Sludeols, and Builden. By F. Camhih. Crown Svd. clotli. 

able *oifc."— arttfi* ArOilua. 

SPECIFICATIONS for PRACTICAL ARCHITECTURE. 

on tiie SDocture uid Sdeim at Modem Buifdinn. Upon the Basil of ih: 
Work by Alfbkd Baktholombiv, thoroughly Rinsed, Corrscled, nndgteally 
added 10 by Fbbqbrick Rl^EKs, Architect. Thuii Edition, Revised. Bvo, 
doth 16/0 

THE SCIENCE OP BUILDING. 

An Elnniunary Treatise on the Principles of Conslniction. By E, Wvndhah 
Tabn, M.A., ArdiitecL Third Edition, Revised and Enlarged, with » 
Engravings. Fcap. EVD, cloth 3/6 

THE HOUSE-OWNEI^S' ESTIMATOR. 

Or, Whal will il Cost to Build, Alter, or Repair f A Price Book for Uo- 
y^lT^SiHON. "Edited by F. T. W. Mh.leb, A.R.I.B.A. Fourth Ed'iticn, 

A BOOK ON BUILDINO. 

Civil and Ecclesiastical, including Chuich Kutoration ; with the Theory of 
Domes and the Great Pytamid, &c. By Sit Edmuno Beckett, Ban., LL.D., 
F.R.A.S. Second Edit. Fcap. Svo, clotti 4/B 

SANITARY ARRANGEMENT OF DWELLING-HOUSES. 

\ HandboDli for Householders and Owtiei> of Houses. By A. J. WAt.;.is- 
Faylir, A.M.IiBt.C.E. With lUostrations. Crown Bvo, doth . a/S 

VENTILATION. 

A Tew-booV to the Practice of ihe Art of Ventilating Buildings. ByW. P. 
BtCMAN, R.P. iimo, cloth 3/6 

PLUMBING. 

A Test-book to the Practice of the An or Graft of the Plumber. By W. P. 
BucMAK, R.P. Sei-enth Edition, Enlarged. Crown Svo, cloth . . 3/B 

PRACTICAL GEOMETRY. 

For the Architect, Engineer, and Mechanic. Giving Rules for the Delineation 
and Application of various Geotnctrical Lines, Figures, and Curx'es. 1^ 
E, W. Tabk. M.A., Architect. Svo, cloth 9'0 

THE GEOMETRY OF COMPASSES. 

Or, Problems Resolved by the mere Descriptloti ot Ciidies mA *«■ :g" ■^ 
Ciriooied Diagrams and Symboh. »y Oi.tm.* Biw»™, Cji*™mi ^ 




THE ELEMENTARY PRINCIPLES OF CARPENTRY. 

A TtuiHm on the Pseauie and Equilihrium of Timba Framing, IhcRc:ittanL_ 
of Timber, and Ihc ConHmiclion of Fioors, Arch^ Bridges, Rocpfs, UnitJDK 

, _ .,J... ....... ... ^_ .. ..-.r-^. . E^„on iheNi- - 

kiniJs of Wood 



jutd Propertiea of TuDber, ftc, >vilh Ducriptiorw of tl 

In Boilduig: also numemus Tibl« of the ganlliDES tif Timber 

swpwi, ctaeSpciaiic Graviliei of Materials, &c By Thomas Tredgold, C.E. 

LTaled, Seventh Edition, IbDcDughly Reviaed and conudeiahlti EQlaiged by 
E. WvNDHU) Tarn, M.A., Author of'Tbe Science of Buildins," ftc. 
With 6l Plates, PorErait af ibe Author, and sevenl WoodcutE. In One ISTH., 

Vol.. ito, doth 26» 



WOODWORKING MACHINERY 



SAW MILLS 



1 



A M tn C L Second Edition, Reviwl. I 
IJUilPuUKked. ^OIO ' 






THE CARPENTER'S NEW GUIDE. 

Or, Book of Line? for Carpenters i comprising all the Elementary Principles 
ewential for acquiring a knowledge of Carpentry. Founded on tbe lale PEIBI 
Nicholson's staiidaid work. A New Edition, Revised by Arthur Ashpitel, 
F.S.A. Together imlk Proelicfll Rules on Drawing, by GeoBUE PvHt 
With 74 Plates, 4 to, cloth £1 1l. 

A PRACTICAL TREATISE ON HANDRAILINO. 

Showing Newand Simple Methods for Findlnsihe Pitch of the Plank, DrawiuE 

the Moulds, Bevelling, Joiming-up, and Squaring II- '"- -'- " " 

COLLINCS. Second Edition ^vised and £nlar< 






CIRCULAR WORK IN C 4 ^ K AND JOINERY. 

A Practical T ea se Curvature. By 

Georce Coll g W , clinli . 2)6 



^^g^ 



.twips^hi 




CARPENTRY, TIMBER. &^. 



Sjslem. By J. S. GotPTKORP, Htad of Bnilding 
Techn^aJ School. Wilt Kighl PlUea snd over ijo 



, HANDRAILINO COMPLETE IN ElflHT LESSONS. 

DcpanmEnt, Halifi 



the relatin Prici 



THE PRACTICAL TIMBER MERCHANT. 

A Guide for the Use of Budding Cdoliactors. Surreydn, Budders &c., 
comprising; usefal Tsblet far all pun»ses connected with the Timbei Trade, 
Msrla of Wood, Ksaay on the Strength of Timher, Hemarlis on the Growth ct 
Tiniber,&c. % W, Richakdbon. Second Edition. Fcap. Bio. dolh . 3/8 



PACKINQ-CASE TABLES. 

Showing the number of Superficial Feet 
inches ^uare ond upwards By W. R 



aUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calcnlated ftam i to an inches in length by i In ice inches in breadth. 
For the 'iise of Architects, Surveyors, Engineers, Timber Merchants, 
Builders, ftc. By James Haivkings. Fourth Bdilion. Fcap,, cloth. 8/8 



PRACTICAL FORESTRY. 

THE ELEMENTS OF FORESTRY. 

Deaigntd to afford Information concerning the Planting and Care of Ft 



THE TIMBER IMPORTER'S, TIMBER MERCHANrs, 

AND BUILDER'S STANDARD OtilDE. 

By Richard E. Grandv. Compiising :— An Anal)-si^ of Deal Standards, 
-^ ■ " ■ ■ ■ " ■ Values and Tahidat Arrangements r™ 

d North An^ericas Deals, ilii:luding 
i&c; togctherwithcojuDUilnfotD 



DECORATIVE ARTS, &c. 



5CH00L OF PAINTINO FOR THE IMITATION OP 1 

WOODS AND MARBLES. 

.U TjiubSi and Practised by A. R. \^.^. dkk Buhg md P. V;.., „„., 

l>[recion of the RDtitrddm Pudciag InauiuiioiL Royal Toiio, iB^ by ia| iiu 
IIlLutmni witb 34 TuH-UK Coloured FJales ; also i> plain PJatci, o om pr iaim 
54 iguTM Stcon ui Chmper Edition C 1 ■ ~ 




ELEMENTARY DECORATION. 

A Guide to ihe Simpler Forms of Everyday Art. Togellin with PR 
HOUSE DECORATION. By James W. FAtEV. Wiih nuim 

HOUSE PAINTINa, QRAININO, MARBLING, and SlOt* 

WRITINQ. ' 

A PmciiciU ManuHl of. By Elli; A. Davidson. Sevcnih Edit 
Coloured Fluis and Wood Engraving.^ iimo, elolh boaidi . , 



THE DECORATOR'S ASSISTANT. 



Gtldcrs, &c Conuinlng upwardi of 600 Re 



MARBLE DECORATION 

Terminology of British and Fore«n Marbles. 

ByGEoacE H. Blag rove, Auilior of " Shoring md 
. Wiih gS IlliHtMtinns. Crown Bvo, cloth 




DECORATIVE ARTS. 6v. 



ORNAMENTAL ALPHABETS, ANCIENT & MEDI/EVAL. 

From Ihe Eighth Century, with Numerala; mcluilLiiB Gothic, Church-Teit, 
luge and smalU German lialiin, Arabesque, Iniiiab for Illumination, 
MonoErams, CtiasrK, &c,, Sec-, For (be use of Architectural and Engineering 
Diaugntimen, Miasai Painlera, ^lasoai. Decorative Painters Lilhograpliers, 



Scc.Scc. dollected and Engraved b;F. 






" kew 



Cheaper Edition, Royal Svo, obic 




■ modern alphabets, plain AND ORNAMENTAL. 

Including German, Old Englisb, SaiOD, ItaUc, Penpective, Greek, Hebrew, 
Court Hand, Engro^ing, Tuscen, Riband, Gothic. Rustic, and Arabe^^ue ; 

Alphabets, large and small, and Numerals, for the use of Uraughtsuien, 
Surveyors, Masons, Decorative Painltr*L. Liihc^aphers, Engravers, Carvers, 
&c. Collected and Engraved by i'. Delahotte, and prbited in Colours. 
New and Cheaper Edition. Royal Bvo, oblong, otnamental boards . 210 

MEDI/EVAL alphabets AND INITIALS FOR 

ILLUMINATORS. 

By F. G. Dei^motte. Containing ii Plates and Illuminated Title, printed 
ia Gold and Colours. With an Introduction by J. WiLLts Bbooks. Fourth 
and Cheaper Edition. Small ^to, ornamental boards .... 4JO 
"A volome in -hlch Ibe letters oi the Blphnhel come ronh g1or(«ed bi gllillag and all tbe 

I A PRIMER OF THE ART OF ILLUMINATION. 

' ForlheUsearBeginneis: iviih a Rudimenlajy Treatise on the An, Pra>:ti<:al 

pHnled in Gold and Colour.i^ By P. DEI.AMOTTE. Xew and Cheaper 
Edition. Small tto, ornamental boards S/O 

THE EMBROIDERER'S BOOK OF DESIGN. 

Conlaining Iriiiials, Emblems. Cyphers, Moixograms, Ornamental Borders, 
EccleHasiicai Devices, Medixval and Modem AlphabciL and National 
Emblems. Collected by F. Dei.amottk, and printed in Colours. Oblone 
royal 3vD, Dmamenlal wrapper - - . - -1/0 

" The boolt wtn t>e of ureat asHflaoco Ko ladies aed vt>ane tliildnm whn are Di«lqweJ witli 

INSTRUCTIONS IN WOOD-CARVINO FOR AMATEURS. 

Deiigu. By A Lady. With id Plates. Xew and Cheaper 
I Svo, in emblematic wrapper ...... ^/O 

PAINTING POPULARLY EXPLAINED. 

By Thomui JntiN Gulltcx, Painter, and John Tihb?, F.S.A. Including 
"*■ Mosaic, Water.Colour, Waler-Glais, Tempera, T 

ting on Ivory, Vellum, Pottery, Enamel, Glaas, S 

Editisn. Crown Bvo, clolh 

•;• Adoplid oi a Priu Baai al Saulh Kitaiiifftm. 
fik Dnr be learaed. even b]r tlioK wbe fancy th«T *i_«« xoe(A«vo 




THE VISIBLE UNIVERSE. 

ClupcBi On Ihc Orioin iuid_Cojintucdoa of Iha H« 







tSBY LOCKIVOOD &■ SON'S C, 
NATURAL SCIENCE, &c, 



t^F' 



St AH a ROUPS. 

A Siudui'i Guide la tbe CanxclIuioTia. By J. Eli^rd Gore, F.R.A.! 
M.R.I.A., &c, Author of "The VTiCMi Univene," "The Scenay of 



in«,''»c. WiduoM^B. Small 40 



"O^E^^t 
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A MANUAL OF THE MOLLUSCA. 

A T™t« 01 Recent nnd 
F,G,S. Willi an Apjienrfi 



inted rtain Ihe FiHinli French Eiliilao, «nd Translaicd 
'.«. F.G.S. lOd pp., witb upworda of B50 WoodcuH, 

:k. Eitruted from the sbdvE Work. Royal Svo, <l^^^| 

'S 

EBT Main, M.A., P.It.S. Third Edition, Revised l^^l 
rH, B. A., F.R.A.S., formerly of IhE Koyi! ObiBvuiri^^B 

IE MOLLUSCA. 'H 

and Fossil Sheik By S. P. Wc™*Al.n, A.L.S, W 



PHOTO- MICROQRAPHV. 
ASTRONOMY. 

By the iiue Rev. RoiiEBT Main, M.A., P.It.S. Third Edition, Revised 
William Thyshk Lvmn, 8.A., F.R.A.S., formerly of the Koya! ObiBvuc 



}■'" '^"'^ 



THE TWIN RECORDS OF CREATION. 

Or, Geolney nnd Genesis, their Perfeql Harmony ir 
%C.. W.T/. ,.E VAt]«. 8™,doih. . . , 

ifilriiBa. and DO KphiBiy b tan UDmBSKO."— Thi IUiIl. 



A.L.S, 

irtTs.," F."G!s."wiih "a^Ptates and 
of Foimh Edition titSo). Crown Bvo. 

7/8 

...J ___,_^_.. ^, j„^ —Scirna Gaislf. 



^ . NATURAL SCIENCE, <?-f. 

HANDBOOK OF MECHANICS. 

ByDr. Lardher. EnEarecd and re-writlcD by Benjamin Ldewv, F,R.A.S. 
37S lUi.!=ir:.d^ii^ P.^t Sn. d.iih 6/0 

HANDBOOK l)r !iii>R(>_-,TAIn;S AM» i\N I ,L .V\.ATICS. 

F.R.A.S. \Vith 336 Illiistralinn^ Posl Bvo, clolh. ." ,' . SIO 

HANDBOOK OF HEAT. 

ByDr. Lardner. EdiEedandrE-wrHltEnbyBEHJAMIKLoEWV, F.R.A.S.,Kc. 
IT7 Illuscration^. Pujil 3vo, ciglh 6/6 

« Inrfcinff ElOQbU \Viliad"-~Jing^mffrinjr. 

HANDBOOK OF OPTICS. 

By Di. Lardneb. Neuf Edition. EdiltdbyT.OLVEB Hardinq, B.A-Lond. 
mih as* 111im™tiqns, Small Svo, ^S pp., cloth 5/0 

.ELECTRICITY MAGNETrSM AND ACOUSTICS. 

By r EO Carev Foster, B.A„ F,C,S. With 
4^1 li BIO 

HANDBOOK. Ul \S1 UONOMY 

B> D L ar tn 1-ou h Ed on Renssd andEdiledliyEDVfin Duhkin. 
F R A S RoyaJ ObMcvgtoiy Greeqwich. With 38 Plata and npirards of 

lOD Woodcuts, svo cloth e/e 

MUSEUM OF SCIENCE AND ART. 

SU Doubk Volumes, £1 1 », in a new and cicgsni dMh bindbig ; ot hand- 
somely bound in baJf-motocco CI 11 ■. Sd. 

Urb oftrenluwac."— ^^nm»r. 

SiparaU bonks formid from !hi above. 
Conmoa Thidss Eiplalned. ;;. I StHm and its Uiei. is. cloth. 
The MkroKope. «. tliith. Popular Aatroa am]'. 4!. M.doib. 

Papular QcDlaer- li. a^l chith The Bee lind White Ants. «. cloth. 

Popular Physics. 31. <xl. < Iml. ( The Electric Telegraph, u. W. 

NATURAL PHILOSOPHY FOR SCHOOLS. 

By Dr. Lardnek. Ftap. 610 3/8 

ANIMAL PHYSIOLOGY FOR SCHOOLS. 

By Dr. Lardner. Fc^. 8vo S.'B 

S'HE ELECTRIC TELEGRAPH. 

By Dr. Lakdner, Rmjed by E, B, Bright, F.R,A,S. ¥™j.*<o. ^^'^ 




- SOS'S CATALOGUE- 



CHEMICAL MANUFACTURES, 
CHEMISTRY. &c. 



WATER AND ITS PURIFICATION 

u It By S Rideal, D.Sc. Land., p!l,C. 
T.blH. Crown Svo, dolh. U<»IP'I* 



ENQINEERIN ^Mi MisiRV 

\ Pnc -VoBlyticnl Cbembts, £n»n«ers fi 

and Vftliut un r he Pr D pa Mvcnalft used in Eneincerins Wcffk, in 
nunMTOH Anal>i«. tjcmiplci imd buEgHBons. By H. J. PHiLura, t.lS 
t CS Stoond Bdiuoa Enlsrgdl Crown Svo, tDo pp^ wiih llliHEanag 




N ITR0-EXPL05IVES. 

A Pnctiiat TratiK conccminE the PropRtis, Manufacture, and Ang]yu< 
oT Niiraud SubatancH, including? the Fulminates, SmokelcB Powden. aai 
Ccllnloid. By P. G. SAKrmiD. F.LC, Consulting Chtnuit to Ihe Cetlon I'doiIci 
Cscnpuy. Sc. With IllssnuiDiH. Crown Sio, cloth. {Juil PutJithti. 9/0 

t:a« dHvtdr IlnvUtfb IEm wbolB lilt ar«plodvac«imonZy idtd, he OBmwiTfiTviteEidoli'C 
4(h1 IdlaHDf irtMt a {>ceD;]]OHd uht bo« ll ic nufliibciund. TfaB book b bcidlHii iBn m ghc ut f 

'' A ih«UBlihr pfiicllcil 4«miD1 4Mhe ittdiufiif tuts pnpAriiA, a^, of a1Tir««lntat[v4 LE 
b >n BAnlnhtt imik, ohicli nllKD Ihi! Metici civai on llic iniber.-'— [VJri'O' CmrJUi. 

A HANDBOOK ON MODERN EXPLOSIVES. 

A PriiciiciJ Treatise on the Monnfnctme and Use of Dynmiite, Gnn-Colloa, 
Niiia-Gly»rine and othei Explosive Compounds, inclDding Collodlaii-CDttan. 
With Chepteti on Explosives in Practical Application. Bj- SL EiHIXi, 
Mining GoguKct lod Metullui^oil Chemiu. Second Editian, Enloreeil. 
With iy> lUuouiau. Ctown Svo. doth. [/uH i^UisAnl. IS/B 



■' A vc<H>h£ ndiK ^hilomul^ m Oim Jnibje 

DANGEROUS QOODS. 



I fiat Publiihta. 



if Storage SAd Tjaruport. With Xotei 

priifmm. tDgelhct wiji the Govemmeql 

t, £c. A Guide for the L'« of 

_, , Ownera, Insurance Contpuues 

if KiplDBm and Dangerous Goods. St 
:.S. Crovn Bra, 374 pp.. clMh . . gjO 



ationSj. Aias of Pa 

Iwire Oflicials, Stenftiship Ownenj, losi 



■imSMICAL MANUFACTURES. CHEMISTRY, &.c. 35 



A MANUAL OE- IHI Al KAI I TRADb 



THE BLOWPIPE Jn CHEMISTRY, JHINBRALOQY, and 







all kn 




«hodt of Anhyd™. 













































































































lOMMERClAL HANDBOOK OF CHEMICAL ANALYSIS. 

VoSuc of SubtlancM u.<«l in Msnufsnures, in Ttadis. and in ihe Aru. By 



THE MANUAL OF COLOURS AND DYE-WARES. 

for the Use of jiyers, Prinlens DcysallHS,' Brotera, &c By J. W. Su.^ 



HANDY BOOK FOR BREWERS. 

Being s Pradicnl Guide to ihe An of Biewliig and Msllins, Embnidng the 
Contusions of Modttn Rewareh which buar upon the Practice of Brtwinj. 
By Heibert EnwABiK Whicmt, M,A. Second Edition, EnluHcd. Ctown 
Eyo, 530 pp., doth. (/uii ft-ilulfli. 12i8 



A POCKET-BOOK OF MENSURATION AND QAUaiNQ;! 

Codiiiaing Tables, Rulo, ud Menmida for Rsveniie Officers, Brewen, 
Spirit Mcidunu, &c By J. B. MA.NT, Inland KevcnOE. Second Edilign, 
Reviled. iSnu, leather ^O 



INDUSTRIAL ARTS, TRADES 
MANUFACTURES. 
MODERN CYCLES." 



and kepaij. By A. J. V 
ecrating Mflchincry, &c. 
E. [Just PuilUhal. 

Biidcid^bKUfledaRnordlnary b^UHn^bidlt&Dff^bh^ea for tlieb- own lue. . . TIh 



Tavlek, A-M-ltiit-CE. Autiojof "BcfriEOBling MachinoY.-'&c. Witit ■ 
upwardiof joo IMuBIrUiiKii Crown 8yo, dolE. \Jiat PutSthcil. 10/S 



TEA PLANTING AND MANUFACTURE. 

{A Tt-1 Book oC) ComprLeiug Chapltrs on the Hiiioiy and Dei-clopnitnl of 
(he InduEtry, the CultiradDn of the Plant, ihc Picpfimtion of the Leaf fiir ihe 
Mukel, the Bnluiy and ChEinisIiy of Tea, &c Wllh some Acuunt of Ihe 
Ijiws aflectine Labour in Tea Gardens in Asaam and clsewhare. By Datid 
CsoLE. laieof the Jokai Tea Company, Sec. Wiih Plates and other Ulutn- 
Eions. Medium Bio, dolh. [Just Fublislied. 16/0 



, Dauhiing and Sunning oF Collon, 
tht Use of Operatives, OverlDoliers, and 
rechnical InsCrunor, Pendleton. Svo, dot) 






I 

1 



FLOUR MANUFACTURE. 

A TrtBI so n M 1 

P^™n^Iri tituTpia^ir Tm 
Revised Ed I on with Supplem 




AND USEFUL ARTS. 



CEMENTS, PASTES, GLUES AND GUMS. 

A Ptaclic^ Ouidoio the Manufacture and Application oft 

Workiiig Trades, uid Cat Worktop, Laboraloty or ORi« 1 
of ooo Recipes and Fonnalie. By H. C. STASUAciE, Chem 
Crdwn a™, dolh. [Ju 



'king, and Luther- 
j!«- With upwards 
at. Third Edidan, 



THE ART OF SOAP-MAKING. 

A Pmciical Kandbock of the Manufacture of Hard and Soft Soap^ Tonel 
Soaps, &£. Including many Kdw ProcBsacs, and a Chapter ml ibe Recovery of 
Glycerine from Wane Leys. By Alx. Watt. Fifth Edition, Reii«d, with 
an AppeiHii« on Modern CandlemakinB. Crown 8vo, rloth . "*'" 



PRACTICAL PAPER-MAKING. 

A Manual for Pnper-Mokers and Owners i 
Tables, Cslcubtions, &c. By G. Clapi 
tiitions of Fibres from Micrn-Phoiographi 



i-WS. 



d Managers i 
RTOS, Papei 



■Mnket. With lllu-s- 
c)aib . BIO 

'vaiB la^Yetenin'gBi»-r. 
thU thonniEblv pnKlLc^ 



■Jlh^tfrn; 



h»k. "—/iftr JlfuJMV- 

THE ART OP PAPER- MAKING. 

Wood Fihst, with a Descripiicdi of the Ma^incry and Appliances uiitd. 
which are aitded Details oTPiocesHis ^r Recavenng Soda from Wasul^iqi 

THE ART OF LEATHER MANUFACTURE. 

Bring a Practical Handbook, in which the Operations of Tanning, Conyiof 
and Lealher Dressing are fully Described, and the Principleii of Tannin 
Kiplained, and nuuiy Kecmil Proccwes InCIoduccd ; as also Methods for Ih 
Ri.iii,ii.ii.m nf T=nrin. Bud i Oescription of the Arts of Glue Boiling, Gi 
t Watt, Auihot of " Soap-Making," &c 



Ihllditi™. ^rowlfa"!^ 



THE ART OF BOOT AND SHOE MAKING. 

A Piacilal Handbook, including Measunnent, La.il-Fitt[[ 
Employed. By John B. Leho. late ^ilor of Sf, Crupin, a 




iploy^. 1_ , 
w.Vflier. rimo, cloth. 

MECHANICAL DENTISTRY. 



Cultina-Oi 
1 MacTiini 



CROSBY LOCKWOOD &■ SONS CATALOGUE: 
WOOD ENQRAVINO. 

MODERN KOROLOOV, IN THEORY AND PRACTICE 

Tiuuloted Iroin ihc French *"f ^Aisfp-."n h-'-'' 

b! HnrokiK)' u Macon 1 V h 






Super-rcpyal B* 



er Ehelt Ei^lUi IneUuHL 



THE WATCH ADJUSTURS AlANLAL. 



and Aiiji 



'rj^ww 



THE WATCHMAKER'S HANDBOOK. 

Intended aftaWorkshopCompankoi for cbose en^offed In Watchmaking and* M 
the Allied Meduuiical Ana. Tranil«cd from the French of CuiUBTOB 
Saukibb, lud Edlarand by Jl'ueh Tkifplik, F.R.A.S,, and Eir 
RiGO, M.A., Assayer ID IheRiq-iO Mini. Third Ediiion. avi),doth. 



A HISTORY OF WATCHES & OTHER TIMEKEEPERS, i 

ByjAMEB F. Kesual,M.B.H. Idsu Boards, 1 ,'6 !" cloth, gQi , OlfJ 

ELECTRO-DEPOSITION. 

A Pisctics] TKariae on the Electrulysis oF Gold, Silvu, Coppci, Nickel, and 
other Metals and Alloys. With Deacriptioni of Volmic Baltenaa, Magneto 
atid Dynamo-filectiic Machlnrs, Theunoptici, and of the Matsiak and 
Proceaaea used in every Depanment of the Art, And se>-efa1 Chapters no 
EtECTRO-METAU-URCy. Ky AlXXAKDEB Watt, Authgr of "Ekcuo- 
Metallurgy,' &c Third Edition, Revised. Ctown Svo, doth . . g/Q 






ELECTRO-METALLU ROY. 

Practiqally Treated. By Alexakdb 



b Edition, tndsdlQEj 



JEWEI.LnR'5 ASSISTANT IN WORKING IN QOLi 

-^ I ■ ' ■ .,,;.il=cl from the Expene 

'- ■ ■ ' . ■ ]■. i;ee, Auihoi of"- 



INDUSTRIAL AND USEFUL. ARTS. 3^ 

ELECTROPLATINQ. 

\ Praciical Handbook on ihf Deposi.ion of Conptr, Silver, Nickel, Gold, 
Edition, Revis«L Crown Svo. doth B;0 

ELECTROTVPINO. 

The Rejunduction and Mnldplicadna of Priming Sdi&ces sad Woilu of Arc 
by the ElectrO'Dapodlion of Meuls. By J. W. Urquhakt, CE. Crown Bva, 
eloth S/O 

aOLDSMITH'5 HANDBOOK. 
SILVERSMITH'S HANDBOOK. 

By Gkorcb E, Gse, Jewdlar, &c. Tbird Edition, with niUDCroua lUusira. 

lOt dbcDver Its merits when lliey nl dQm tn uudr U.-—Sn£/ti* ATKlumit. 

♦,' r*e above two tuorts together, strongly half-bound, price 7s, 

SHEET METAL WORKER'S INSTRUCTOR. 

Campiinng a Selection of Geomelrical FrobleinE and Piactiial Rules tor 
Deacribine ibe Various Patterns Requited hy Zinc, Sheet-Iton, Copper, and 
Tin-PlateVoikeis. By Reuben HbnkvWaiik. New Edition, RevW and 
greaily Enlateed by Joseph G. Hohnkb, A.M.I.M.E. Crown Bvo. au pp.. 
witb 430 Illusliations, clolh. C/HI' PtblHktd. il4 

BREAD & BISCUIT BAKER'S & SUGAR- BOILER'S 

Bread-making. By Robebt Wells. ThiiJEdiiion, Crown Svo, doth . 2/0 

PASTRYCOOK & CONFECTIONER'S aUIDE. 

Ute. By i.. WelXaui^ of "The Btmi md Biimit %aker.'" tS>w^i^ 
_dotb 2/0 

ORNAMENTAL CONFECTIONERY. 

A Guide for Bakery Conrectionen and Pastrycooks ; including a variety of 
Oiiginal Desi^is. By RoBEST Wells. Second Edi lion. CrownSvo . HIO 

THE MODERN FLOUR CONFECTIONER, WHOLESALE 

« RETAIL 

Con atn ng a large Collection of Becipei fo Oieap Cakes, Biscuits, Sec. With 
temaiks on the fipednnts Used a tlieit Maniriiictute. By Robkbt Wells, 
Author of The Bread and Biscuit Baker &c Crown Svo, cloth . 2/6 

LAUNDR\ MA^Al I MhNT 



Sr LOCKWOOD &■ SON'S CATALOOUB.^^^^^M 

HANDYB00K8 FOR HANDICRAFTS. "^B 

BY PAUL N. MASLVCK. ^^1 

Edinn <>( " Work " (N'cw Serin), Aulhur of " Luhc W«k," " Milling Michino," fie. 
Crown &v% 144 PP.J cloUi, pricq is, ocb' 
■V- TlifK Hahdvbooks taiv (wfi wrtUn to svffly infonnatiimfBr WnBKMiK, 
SiuDexn. niul Ahatsubs ih f At imrdf ilaiulicnv'l!!, M M< iiclMa' Pra— 
(Im WonKtHoi', and hk inlituttd to conyQi in pfaui laNriia^ TECHNic. 

i-Bncc d/ IW iCEvnl CRArre. In dacttijinf tht proctsm tmplvjted, and .^ ~ 

JtUwn of matirial, leorlaluif tanni an mtd : tDortiAsp praciia it /mtty iiplaiiud ; 
aaJ (iti («« u /«!(> jJluiirdCed mil* drttmngs ef nudini (oeJj, apptiar— —'■ 
prauua. _ _ _ _ 

THE METAL TU«NEIf3 HANDVBOOK. 

A Pnicticsl Maniuil f« Woikira ai ibe Fmi-Luhc With over i . . 

THE WOOD TURNER'S HANDVBOOK. 

A Piaciical Manual for Worktn ai ibe Lathe. Wiih ova ids llliubalii^ | 

THE WATCH JOBBERS HANDVBOOK. 

A Pnct cnl MhiucJ cm Cleajiioe Repairing, and Adjoscidg. Wiihupwudsof^ 

THE PATTERN MAKERS HANDVBOOK. 

\ P a*. tJ Maniu on he ConHmcrien of Panerns i' 

THE MECHANICS WORKSHOP HANDVBOOK. 

4 1 \U :iX a Vcchan Jl Manipulaiian, embradng InJ 

K^d P xoia With iJKfiii NolM andMlic 

THE I III N INbERS HANDVBOOK. 

Con imclian of Msdil Sieam Engines. Widi 1 

THE CLOLK JOBBERS HANDVBOOK. 

A r M^ ual □ Cleaning Repardng, and Adjusting, Wiih upmrds of 

THE CABINET MAKERS HANDVBOOK. 

\ Pmclcal Manual on he Tools Matsials, Appliance, 
eniplo>edlnCnhnetWork W h up»-anls of loo lllustralitm 

THE^ \\'oOD\\ORKFRS HANDBOOK OF MANUALJ 

he Toda, MaieriiU, Appliai 
V OF "he Pbess™*' 



"tVOUNTINC-HOUSE WORK. TABLES. &-c. 41 

COMMERCE, COUNTING-HOUSE WORK, 
TABLES, &c. 



A NEW BOOK 01- COAIMMRUIAL FRENCH. 

graphy— Ariihmti;. i. M,uk, Profasoi id the City High 
SchoolJ.-B. S,-i, !!■ .il> 476 

FACTORY ACCOUNTS: their PRINCIPLES St PRACTICE. 

A Handbook for Aecountani! and Manufeclureri, wilh Appendices on Ihe 
Noracliolaiurc of Machine Delaib ; the Inline T«. Acts; the Rating of 



I 



111 boats (BDiiewblFhwiiIhawu^ 



I MODERN iWETROLOOV. 






A. M. Inst. C. E., 






A Maniul a( the Metrical Units and Sptcnm of the pi 
■ " " i English Syalem 

» A SERIES OF METRIC TABLES. 

of the Metric System ai^re«nt iii^M on^he Co'ntidenT '^y^H. DowLiNcy 
C.E. B™, strongly bound 10;6 

I THE IRON AND METAL TRADES' COMPANION. 

For Ejtpeditionaly Ascertaining the Value of any Good* bought or «ld hy 
Weight, fi™n 11. percwt. to 1111. p<:rdwt.,«nd from one ferthing per pound to 
one billing per pound- By Thoua^ Downjc^ 3g6 pp.^ leothex , , ^\^ 



NLMBEIt, WEIGHT, AND FRACTIONAL CALCULATOR. 

ntRiUes,ranginBlroaiiiij,lhofiiPennYIo 



Uvely, ft™ 
1,000 una. Bj William Chad 



qbiHill^raf cnlculntlanil In njlvtw pries anil manuH ht any CDmUnulon li 
'n^ mim ptrtcci wqA ttflhc fciml ynl prfqiirtiri."— Cto^cmt fl>r^ 

THB WEIOHT CALCULATOR. 

Beine ■ Serin of Tablo upon a New and ComprehHisi 
□nv Ke&rence the cxncl Value oF any Weight from i 



Abawera, whu^, v'""" """ 



e peTformed 
: whole be[ne 



donbisiidg af a >iDgle addliian 4 
ord nn aggregate of !O,aM,0OD J 

suntanl." Fifth Ed'San?! , 

ugly half-bound d Sa., 



alS^^ 



THE DISCOUNT QUIDE. 

Compriiing wveial Srno of Tables fm Ihe Use of Murchanlii, Manufacuuer^fl 
Ironmongiis, Hud Olhersbywhichm^ho ascenainod ihe EnacI ProBtariun- 
froroany node of tiling Di9:DUnt9, eilber in tbe PoichBuoi SiiIeDfGiigds,aa^ 
the method nC either AJiering s Role of Discount, or Adruicing n Price, »n1 
to produce, by one opeiation, & eiud that ^11 reahse any required Profit afur " 
allowing one or more DiscooDts : to which on added TaUa of Piofil oi 
Advance from li to oo per cent^, Tablu of TH&coimt ftom it toq^poroem-, 
and Tabl« of ComniiinDn, ftc, from I to lo per cent. By Hehrv Harbeh, 
- - - - «1 6fc 




^AGRICULTURE. FARMING. GARDENING. &-c. 4J' 

AGRICULTURE, FARMING, 
GARDENING, &C. 

I THE COMPLETE GRAZIER AND FARMER'S AND 

' CATTLE BREEDER'S ASSISTANT. 

TliirLeeDth Edition, enlirely Rc-wrille7i, qoDsidersbly Enlarged, and brought 

riiBJiB, 1.1--D., StcyenLeeturer in llie Universiiyor Edinburgh, Author of 
Th £ inctl Agncu UT & R al CD p 

IU1U atnitniglanan^nm £ 1.6 




. , sily of Edinillilgll. Third Edition, 

Revised and ccnsiilnshly Enlaiged. With ovet iio Pholaly) 
Slock. Dtmy BvD, jB4 pp., with 79 Plaiei and M»ps, cloth. 
"A ruUt ciunpletc 




AGRICULTURE. FARMING. GARDENING. <^. 



THE ROTHAMSTEO EXPERIMENTS AND THEIR 

PRACTICAL LE£50N£ FOR FARMERS. 

Parti, Stock, Pan If. Cklis. By C. J. R. Tii.fEH. Crown Svo, clolh. 
[Just Publishid. 310 

FERTILISERS AND FEEDING STUFFS. 

A Handbool: for ih= Practical FnniiK. By Bernahd Dyek, D.Sc. (Loud.). 
Wiih ita Tmi of the FctliliwrF and Feeding Stuffs Ac. of 1893, &c. StconJ 
Edition, Revised. Crown Bvo, >^iotli. [Just fullislHd. 1 (0 

BEES FOR PLEASURE AND PROFIT. 

A Guide lo rhe Manipulation of B«5, the Pcodaclion of Honey, and the 
Genetal Management of the Apiary. By G. GuanQN Samson. With 
nuoKtoui Illustrations. Crown Svo, clolh 1/0 

BOOK-KEEPINa for FARMERS e 



i ESTATE OWNERS. 

D«Jsr cLrHn^Accoumml. 
•rds, a/6 ; or, cbth limp, 2/8 



WOODMAN'S YEARLY FARM ACCOUNT BOOK. 

Giving ^ 
Expend! 
With Va. 

■mr. By Johnson M. Woodman, Chartei 

'oU^ h^f-baund 



Weekly Lahoui Account and Dial?, and showine the Income mid 

: .....1 1 Department of Crojs, live Stock, Dairy, &e., &c. 

d Loss Account, and Balance Sheet at the End of ihc 



FoU^hE 






THE FORCING GARDEN. 

Or, Hnw 10 Gto* Early Fruin, Flowers and Vegelabies. With Plani 1 
Estimates for Building Glasshouses, PiU Eknd Ftames. With llluslratii: 
By SAML'Bt. Wood. Crown Bvo, dolh 3 

A PLAIN GUIDE TO GOOD GARDENING. 

Or, How to Grow Vegetables, Fruits, and Flowers. By S. Wood. Fou 
^'■■- •■■ ■■ his Addilions, and numerous Illustrations. Cro 






D, cloth 



>a as to realise ix-if, pel 
"Good Gardening,'' &c. 
Cruwn Svo, sewol 



POTATOES: HOW TO GROW AND SHOW THEM. 

A Practical Guide 10 the Cultisalion and Genual Trealmeni of the P 
By J. Pink. Crown Bvo 



ZROSBY LOCKWOOD &■ SONS CATALOGUi 



AUCTIONEERING, VALUING, LAND| 
SURVEYING, ESTATE AGENCY, &c. 




d of pTDpeny EcncmJly ; with Prices fi 
,...]N Wmbsueb, Vahwr, Sk. airh Edirion, Rn-wiill. 
>yC. NuHIIIS, SnrVEyw, VlJoEC, &[:. Rofii 31101,, c\< 






AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Mumal oC Instniclion and Counwl tar ibc Voung Auclioneer. By Robe. 




THE AGRICULTURAL VALUER'S ASSISTANT. 

A Practioil Handbook on tbe Valosdon of Landed Eamu ; indndi 
and Dbu. far MeMuring and EKinrndng the Ciinlcola Weigiiti nnd 
AgriculIUICil Produce and Timber, and ibe Values of Feeding Stu^ _ 
and Labour; with rorras of Tenant-RightVaiualions, Lists of Local J! 

luralCostoms, Scales of Compensation under -■-- • — ■- ■ ■ *•-•••- 

&c., &c. ByToM BiHcHT, Agriculluml Suive 









d UnderwoodSt tli. 







AUCTIONEERING. {VALUING. LAND SURVEYING, S-c. 47 



lit, fie. By R. Hudson, C.E, Ntw I 



THE LAND IMPROVER'S POCKET-BOOK. 

rdUing toihe PermanenllmprDvemcnloflimdedFrqperty- 
Siuveyor. Second Ediliod, REvised. Royal 321110, oblong, 



HANDBOOK OF HOUSE PROPERTY. 






Law S^'m 



Fifth Edition, Enlarged, lamo, clolh . 



LAW AND MISCELLANEOUS. 
MODERN JOURNALISM. 

A Handbook of Inslrui^lion and Counsel for Ihe VcHuie Joumaliu. By John 
B.M*ciiiE,PeHowoflheiiiBtitii.eqrjoiimn]i!U. Crown 8vo, cloih , 2/0 

HANDBOOK FOR SOLICITORS AND ENQINEERS 

EnBflgtd in Piomoling Privaie Acts ot ParlianiHii and Provisional Ordtrs for 
ihi Authorisuion of Railways, Tramways, lias and Walcr Works, &c 
■ ' - -iACA5BE», of ihc Sliddle TemplE, " " 

PATENTS for INVENTIONS, HOW to PROCURE THEM. 

Compiled fol ihe Vx of lovenloTS, Palenlws and othcr.^. By G. C. M. 
Hahdikghah. Assoc. M™. Inil. C. E., &c Demy Ovo, cloih . .1/6 

CONCILIATION & ARBITRATION in LABOUR DISPUTES. 

Qaalfon ai H™e a^" AbroLi, B^r^S. Jeans. ™™ 0°"" England' 
Supremacy, Sc. Crown Bvo, ?oopp,, clorh . . , M - . 2/6 

THE HEALTH OFFICER'S POCKET-BOOK 

A Guide to San laiy Pm.! ce and Law tor Medical Ofli e.n ot Kukh, 
' - ■■ ■ of Sanitary Aotbontu, a By Enw*ii 



EVEftV MAN'S OWN LAWYER. 

A Hundr-Boolt at the Prindplts of Ijw and Eqnjre. With a Conra 
DiciiaUTT of Legal Terms. By A SARRiaTan, iWiy-foorth Edidoc, 
iRfuDy Revjicd, uid (ncludina; Neir Acts of Pariiamenl of iSoC. CnmiriBiu: 



Iht LitM RailBayi . 
AcliBH, All. fH».-.i 



f, tStSi !*• JhUcM Tr 



JtZ/udicisi 



ffflPfi - flu Lomlim Cab 



:t, 1tS6, (r€, Judieiai Dtcisiaia during tht year have oho betrt dnly 
owo 8vD jsopp. Price C'8 C"*""! at e»e;yconsQliaiion'L MTonglf bound 




-. - .— r^ --nt£ Md jrri^iMtta -nMfA firrmri rvSmo A Jw>aiu H-^ _ «_ .^„ 

r*w>'^eoi>f V. «-■. JSr frii'A mi t^ mi/aSSn u mm-h ai-r»^t si— 




THE PAWNBROKERS', FACTORS', AND MERCHANTS' I 

OUIDE TO THE LAW OF LOANS AND PLBDOEJ. " 

Wiih the Slnlulc and a Digai DfCaKi. By H. C. Fdlkasu, Barruur-al 



LABOUR CONTRACTS. 

A Populnr Hondbook on the Law of Conlracu for Wc 
bAKOGlBB0N5. Fourt- - '- 



llh Appendin of Statute by T. F. Uitl(iY(| 



WEALE'S SERIES 

"SCIENTIFIC AND TECHNICAL 

WORKS. 



" It is not too mucli lo say Ihal no books have ever pioved more 
populai wilh or more useful tu young engineers and others than the 
excellent treatises comprised in Wkalk's Series." — Sngliiser. 



3l ja^lu Classififiir fist. 




CROSBY LOCKWOOD AND SON, 

7, STATIONERS' HALL COURT, LONDON, E.C. 

■S97. 



2 weale's scientific and technical series. 

CIVIL ENGINEERING & SURVEYING 

Civil Hntfineerlntf. 

Ry Hetov Ldt»,l>(. Init. C.E. Including t Tiauhe ad HvDHAtiuc 
Es..iN£BkiNG by G. R. BuKNBLL, M.I.C.E. Scvenili Edition, rcvixd, 
«iih l..>nB ADPirios5 by D. kTClabk, M.I.CE. , . . 6/S 

Plott«ar SSotfineaFin^ : 

Wa/"l^nds iD^NeT CwinifiH. Ey'^EnwAiiLi Do^oN, A.l.UE.'^WiSi 

Iron Bridges ot Hoderate Span : 

The;. Cun=in.ciion and Ersction. By Hamilton W. Penerbq. With 40 
IMuslraliori! 2/0 

Iron (Applioation of) to the Oonstruotion of Bridgea, 
Roafs, and other Works. 

By r«ANC.^ Camnk, C.K. Fourth Edilion 2/6 

Conatruotlonal Iron and Steel Work, ^m 

u applied 13 Public, Private, and Dome^lit: Buildingi. By FRAnqg^H 

Caki'in, C.E 3^^| 

Tubular and other Iron Girder Bridges. ^^^| 

De^crihinE the Brilannia and Conwsy Tubular Bndgs. By G. DbvsdjU^H 

DaHPSBV. C.E. Foutlli Ediiion 2/0 

Hateriale and Conatruotion : 



By F 



. 310 



Sanitary Work in the Smaller Towns and In Villages. 



ByC 



it. C.E. 



. 3/0 



Boade and Btreete (Tb«* Oonatmatian of). 

In 'JVo Pans : I. Tim Abt qp Congtbocting Common Roads, by H. 
Lav., C.e., Revised by D. K-CiJlBii, C.E.; H. Rkcknt PuAcnca : In- 
cluding Pivemuils of Wood, Asphallc, elc. By D. K. Clabk, C,E. 4/6 

Oaa Works (The Constpuation of), 

.,.,., ... ,„-.■, .!._ _, ^__. ^__ ByS. Hugh— "" 



landDisliil 



Water Works 

F,KU.=^^P||^orCjdes^. 
Samukl Hughes, F.G.S 
The Power of Water, 



i, CE. Eighth Ediiu 



6/6 

^16 






e FJour MilU 



ByJOSBPH Glvhn, F.S.S. Ne» Edition . 
Wells and Well-Sinking. 

ByJoHnGKD. SwrsBELL, A.R.I.B.A.,andG.R. Bebnrll.C.E. R 
Edllioo. WilhaNewAppctidiiontheQuflliiiesofWatei. ifluslrated 

The Drainage of liands, Tornis, and Bnlldinga. 



By C 



D. Deh 
e, by D. ¥ 



; C.E. Rev 
:, M.I.CE. 



Bmbanking Lands from the Sea. 

The Blasting and Quarrying of Stone, 



K.S. 2/0 




WEALE'S scientific and TKCHNICAT. 8BR1E3. 
PiiauinB.ticw, 

IlK^IudinE AcoheIIis and the Phenamcna nf W!ad CumlnU, for Ihe Use of 
Beginners. ByCxAHUS ToHMNSON, F.R.S. Founh Edillon . 1/6 
X*nd and Bntfinaerintf Surveying. 

For Students and PracticaTUie. By T. Baker, C,E. Fifteenth Edition, 
ravij»d and corr«:teil by I. R. YauNQ, runerly Professot of Malhemalics. 
Be)rait College. Illustrated with Plates and Uiagranui . . . 2/0 

Kansnpaitloii and Measupintf. 

For Sludenli and Fracticd Uie. Wlh the MetKnnillon snd Levellineof 
Land fur the purposes ofModetn Engineering. ByT. Baker, C.E. tfe» 
Edition by E. Nugbht, C.E 1/6 



MINING AND METALLURGY. 

lIln«ralogy, 

Riiditneiiis oF, Ky A. Kahsav. F.G.S. Third Edition. revii< 



lOonl and Coal Hining, 

A Rudimtnlaty Treatise on. By the late Sir WakIBOTOS W. ShVTH, 
F.R.S. Sevenlh Edition, revised and enlarged 3/6 

Hetallup^ of Iron. 

Contaming Methods of Assay. Analyses of Iron Ores, PriKe^ws of Manu- 
facture of Iron and Steel, Sc By K. Baukrhan, F.G.S. With nnmerr-us 






TliB HineFal Barveyor and ITaluei-'B Complete Guide. 

By W. LiHTEiK. lliicd Ediiion, with an Appendix on Magnetic and 



Angalar Si 

~late OuarPTtntf : 

By D.C. Dav 



bte and Slate Quan>yin^ 



. ilion 

'ML Firet Book of Hinln£ and Quapryintf, 

slruction. ByJ.H. Collins, F.G.S. 'Second'Edliron " ." ' 

Bnbterraneoua Surveying, 

with urd without the Magnelic Xeedle. By T. Fenwick a 
Cli Illustrated 

Klnlntf Tools. 

flimnal of. By Wii.l.ai. Mohgaks, Uxlurer on Practical 
Bristol S<:hool of Minnt 

■Inlntf Toola, Atlas 

oTEngravin^t to Illu<trale the ahove, containinE IJJ ItltlsHal 
TiKils, drawn to Scale. 4to 

Fhyaloal Oaolo^, 

Hy K^al™Ta"tk, jCl's.,"*!'. W^Juts.' . " """I" 

Hlatorioal Geology, 

P..rily l>:,^ed on .U.ijor-ll^.-itral Pobtlock's " Rodiraents. 



Geology, Physical and Histoidoal. 

Con-I.^iLr,K ol ■■ I'i.y-itaf i.leoloKv," which sets forth the Lending Principles 
of itw Science ; and " H..ior.cal Geology." which treats of the Mineral and 

T-^TK, Fii.s ' . . Xe 

Bleotro-Hetalt urgy , 

Pratticiliy Treated. By A' ■"•"'■bs W.tt Nl-.k pj;.;™ ™\.^ \ 



4 WEAI-KS SCIENTIFIC AND TECHNiCAI. RERIKS. 

MECHANICAL ENGINEERING. 
Tba WorlitRttn'a Manu&I of Bn^ineerlittf Drawintf. 1 

Uy J..«^ M.. ,,.>.. [■,MT,.r-.... ill hnginttring D..»ing, Roijl " — •' 
Collfgr.l...- -■■■ ■ I .iiiiot, ,™ri«i«aiKlDi*gn.i„> . 

Fnala: Solid. :..iniii<l' ^ii^iJ GoaaotiB. 

Hielr Ar. - I -r ihc Use of ChcmHU vnj Kniciheai 

By H, J I ■ ...,lyA.-iily.io1 and Comqliin* Chad 

Fuel, Its OombuBtlon and Boonomy. 

Consoling olau AbridEmrnl »f "A TnntMaii (he CambuMion orCcalud 
Iht I'rtvtniion of SmuSe." By C. W. Willi*hj, A.I.C.E. WiihEtla- 
.ive Addliioi.,byD. K.Ci^nK. M. Init. C.E. lliini Edition . a« 
Th« Boilermaker's AaalatMit 

in Drawing, lemplatiqe.iuKj C»lcul»lin« Boiler Work, St By J. CoviT- 
NKY, Pnwiicil Boilmnaker. Edited by D. K. Claih, C.S. , 2/0 

The Boiler-Maker's Ready Reokcmar, 

with EiampLe. of P.nclical Geomcliy and Templidng Tar l)» Dsc of 

PlKten. Smilhi. ud Rirelerv By Jou« CoVHTKEf. EdiiaJWD. K. 

Ci-tKii, M.I.C'.IC. Seiom) Editlan. reiiseil, viih Aitdidani . . AJQ 

;• TJr lait hK- U-trii ix Ont r<^Mm/. M/.innd, ml 

S't cJ'".'">^v"" "" *"»-""'^- By J. &.w™> 
Steam Boilers: 

Their Consliuction uid Municnenl. By R. Arksthc 

ateam and Haohinery Hanatfement. 

A (iuide lo llie Amneenie,,! >.>id Ecou^mii:!;! Mai»iE< 
HyM.PoKi^lU.K, M ln.(, ME 

Steam and the Steam Bin^lne, 

Eng'ine'ofMl. J.'sB*tiL. ByV. K-ViTtK. C.E^ fhird"Edi(iDB " 

The Stean\ Bntflne, 

A Trcaii« un iTe Milhematioil Theon' of, wiUi Kul 
Prmciicil Men. ByT. Baii«ii,C.K, . 
The Steam Bn^hie. 

Ity llr. I.ARtiHIN. lIluMniled T/S 

Iiooomotlve Bngfnee, 

liyG. D. Dkupsev. CE. Wiib laige Addkicin! Iiutlnsof the Modem 
Locomotive, by D K. Clami, H, Inst. &K 3/0 

Locomotive Bnflne-Drtvln^. 

A Pnclical ManuiJ for Eniineen in chorgcof Loconiolivi Ena^im Bw 
MicHAKL KivHOLut. Kighih Edition. 31. 6r/. limp : dolh lKur& -VSn 
Stationary Bnflne-DMving. '^ 

A ftuiictJ Maiiiul for Enninnn in chugc of Suilomrir G 
Michael REVNctfjis. Ftninb Edition. ji.iW, limp; clmh hi 

The Smithy and Fortfe. 

Including the Fj>rher-> Art and Conch STnittiinK- "Y W. J. K. Ciah 

Second £(Iil ion. revised "' 

Modern Workshop Praotloe, 

A> ipplinJ to Manne, Lfnd. ud IdConiaiive Engins, FtoalinE Ded 
UiedgiDS Mncbinei, KMgts, Ship-build [nft. &c lly J. G. Wmm 
Fouiili Edition. Illuwniled ■" 

Meohanioal Bntflneerlntf. 

Lompriiing Melnllurgy, MouldinE, Calling, Forging. Tflsll, W«d 
Mncdineiy, MechaniiaJ Mnnipntalion. MunitrBctute or Ih* Stum T 
Kc ByFvANCinCAMnN, C^. Third Edition .... 

Details of Machinery. 

Comptiiint liBiin«VoMlonV*^MmtfBnBf «rioo» Worfctln ItBL , 



WEALE'S SC^NTIPIC AND TECHNIOAl SERIES. S 

Blementary Engineering: 

. , ... .._ -— EpginMreandAppreniiMs. In Ihc Fonn of 

McUls, AJiDys, SCreDulli of Hatuials, fret, 
fiy I. S. BiiBWHK. Second Edilion 210 

Pawer in Motion: 

Uorse-powcc Motion, Ta>th<»l-WhKl Craring, lAng and Short Driving 
Bands, Angular Forces, &c. Uy Jamss Akmduk, C.S. Third Ediiioo 2^0 

Mxon and EL«Kt, 

~ ■ ihe Priadples concerntd in the Conslmcliod of Iron Beanw, 

' Girdcre. By J. Akhdub, C.E. 2/6 



Being acondseEiposilion of lh< General Principle! of Mschiinieal Scicncs, 
and their ApplLcalioil>i, ByQlABLKi TollLIKEON, F,R,S, . . \IQ 

M (The OouBtpnotion of). 

And Dlhet Machinery for Raising Heavy Bodies for the Erection of Bail J- 

iugs, &ii By JoSHPH Gi-VNN, F.R.S. 1/6 



NAVIGATION, SHIPBUILDING. ETC. 
Cbe Sailop'B Sea Book: 

A Rudimentary Treatise on Navigation. I3y James Gkkenwhod, B.A. 

With noaierou; Woodcuts and Coloured Plates. New and enlarncd 

^_^ Edition. By W. H. Rossbk 2/6 

tnutloal Navigation. 

^"^ - nsiaang of The Sailob's Sai-BooK, hy Tames OaEKHWoon and W. H. 

..j^£s : together with Mathematical and Nautical Tables for ths Working 
of lh« Prohrems.by Hbmkv Law C.E., and Prof. J. R. VouNO. 7/0 

navigation and Nautloal Astronamy, 

In Theory and Practice. By l-rof. J. R. YouMC New Edition. 2/S 

■atliematioal Tables, 

^^^^ For Trigonometrical, Aslronpndcai, and Nautical Calcolationi ; to wliidi ii 

Erefiiod a Treatise on Loganthmi. By H. Law, C.E. ToEether with a 
eriei of Tables for Navigation and Nautigal Astnmomy. By ProfesHt J. 
R. VOUKG. New Edilion 4/6 

Mting, Hast-Haklng, and Rigging of Ships. 

Also Tahles of Spars, KTBgirg, Blocks; Lhain, Wire, and Hemp Ropes, 
&c., relative to every class of vessels. By Roekht KiPftuG, N.A. , 2/0 

tls and Sall-HabUvg. 

With DraoEhilng, and the Centre of Effort of the Sails. By Robrkt 
KiPfiNG, tfA 2/6 

Lne Englnsa and Steam Vasaela. 

By R. MuitKAV, C.E. EiEhlh Edition, IhotoUElily RevLjcd, with Addi- 
tions hy the Antfior and hyGeoKiig Cabliblk, C.E. , . , 4/Q 
Ship-Building. 

With>ractical Examples. By John GhantmaM. Fifth Edition . 4/0 

[aval Arohlteoture : 

AnExpositiooofElemetitagPrinciplH, B^Ja.iesPbake . . 3/6 

for Ocean and River Serviae, 

Principles of Ihe Construction of. By Hakon A. SoMJiiEBi'BLtjr . 1 /Q 

Ltlae of BngravlngB 

To Illustrate ll.eol«.ve. TwelvelafKefoldingPlates. Royal , to. cloth 7/6 

'ha Forma of Ships and Boats. 

By W. IluAND. Seventh Edilion, revised, with numerous Illustrations and 
^ludels \\^ 



6 WKALE'b BCIENTmC AND TECHNICAr. SKHIES. 

ARCHITECTURE AND THE 

BUILDING ARTS. 
Oonatruatlonal Iron and Steel Work, 



Bulldintf ElatatflB: 

A TrE»J» on ihe IlevclDpnieni, Sa\c 

Tha Solenoa of Building i 

An Elf mtnlaiy TrMiiw on .Til: Prin 
HAM Tarh, M.A. Load. Third E<1 



s, &C. By Enivj 

A Book on Bnildln^, 






Id F.diiii 



id Ediiion, revised . 2/0 

ion, nvlscd sod enlarged . 3/6 

lelh, and Use of Materials, WgrliinE 
- " M.R.I. B.A.. 210 

Q.C (l^J G=iM- 
. . . Ai6 



Dwellln^-Hauses (Tha Ereotion of), 

llluslraled hya Pcrspctli/T Vitw. Plans, and Sccllonsora PaIro(Villai,ilrilb 
S)«Jfimlijn,Qujuililie8,i.ndEslinuu& ByS. H, Bkooks, Architecl 2/6 

Oottogfl BuUdln^. 

by C. Bruce Alle^. Eleventli Edition, wiili Cbapur od Kconomic CM- 
Idgu for AlloIniBils, by K. E. Ali.en. C.E 2(0 

AoouatioB in Relation to Archltectupo and Building: 






..n, Revi^ 



16 
Brlokisot-k : 

A 1'ractinl I'reslUe, emlxxlying Ihc CenerB! and Higher P[incip!e> nC 
Btictlayirg, Culling and Selling ; wilh tlie Applicaliou oTGeomelry to Roof 
TilinE,4c ByF.VALKEI, 1 /S 

BriokB and Tiles, 

Rudiincninry IVcHlLsE oil Ihc Maiutraclure of 1 conl 
Principles of Brlckmakine. By K DuusOH, M.I 
C. TunLiBSON, F.R.S. flluslraled . . . 

The Practical Brick and Tile Book. 

lic^''KR"«LAVINc;, by fi 



Outline of Ok 



A.I.C.E.; 



Carpentry and Joinery- 



atruiiKly balf-bound 



Carpentry and Joinery— Atltu 

or 35 Pl=l" 10 BCtom^anv BWl illm 
Dtsciiplive Letiet^ieM 




WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 7 
A Fraotioal Tpea-tise on HandFailing; 

Shuwliig New ^d Simple Methods. By Ueu. Cullincs, Scctmd EdilioD. 
Revised, iiicludinK a TsBATisE OH Stairbuilding. With Plates . 2/6 
Olmular Work in Oarpontry and Joiner;. 

A Practicsl Treatise on Circnlar Woik af Single aod Double Curvature. 
By Geobge Collings. Second Edilion 2/6 

Roof Carpentry: 

Practical Lessons in Ihe Ftamirg ofWood BoqIi For the Use of Working 

Carpenters. By Geo. Collincs 2/0 

The ConBtPUotlon of Roofa of Wood and Iron ; 

Dcdu<:ed chiefly from the Works of RobLwn, JVedeold, and Humher. By 
E. WvNbHAH Tarn, M. A., Architect. Second EdUioti, revised . 1/6 

The Joints Hade and Used by Builders. 

By Wvv.LL J. Cmbistv, Architect. With 160 Woodcuts . 3/0 

Shoring 

Aod Its Application : A Handbook for the Use of Students, By GEORt^E 
H, Blagkovb. With 31 Dlustraiioiis 1/6 

The Timber Importer's, Timber Merchant's, and 
Builder's Standard Guide. 

By R. E. Ghandv 2/0 

Plumbing: 

A Te»l-Book to the Prac^ce of Iho An or Craft of the Plumber, WUh 
SiitE Editim" Tcv^^ aod'^ar^ , with jsTlUustcati^ . . 3/6 

VentUation ; 

A Te>i Book to the Practice of the An of Venlilallne Bulldines. By W. P. 
BucitAH,R.P., Anthorof "PluinbiDg,"6c. With 1711 ttlustrationl 3/G 

The Praotloal Plasterer: 

ACompondiumofPlaioandDnianientalFListerWcirk. By W. KbUP 2/0 

Honse Painting, Graining, Harbling, & Sign Writing. 

With a Course of Elementary DrawinE, and a Collection of UMeful Receipt!. 
By Eli.is a. Davioson. S«ih Edition. Coloured Plates . . 6/0 
•fc" TJu ai^vit '* chtk ioards, strtjttgiy boHrtd, 6f. 

A Grammar of Colonrtng, 

Applied to Decorative Painting and the Arts. By George Fieia Mew 
Edition, enlarged, hy Ellis A. Daudson. With Coloured Plates . 3/0 

Hlementary Decoration 

AsappliedioDwellingHoiises.&c. By Jambs W. Facet, llliulrated 2/0 

Practical House Decoration. 

A Guide to the Art of Ornamental Painting, the Aitangement of Caloon in 
ApBrtnients,andthePrinciplesofDeconilivo Design. ByjAMHsW. Facet. 
2/6 
%• Tlu Ust hw IVoris in Oni haxd^nrnt VsL, i^f-tcmad, ntilUd " House 
DeCDRATION, ElSHKNTARV AMD PnAiiriCAl,," ttiei SJ. 

VTarming and Ventilation 

Of Domeiiic and Public Buildings, Mines, Lighthouses. Ships, &c. By 

Chables Towunson, F.R-S 3/6 

Portland Cement for Users. 

By Henhy Faija, A.M. Inst. C.E. Third Edition, Corrected . 2/0 

Iilmea, Cements, Hortars, Oonoretea, Hastica, Plas- 
tering, &o. 

Ej G. R, Blh^ell, C.E. Thirteenth Edilum .... Wft 



H WKALK'S S<.']KNTtFlC AMD TKCBNICAL SKHIBa 

Masonry and Bton«-CuttIntf. 

Th« PriTicipLp^ or MA<otiic Proi«c1ian and thtlt npplicauon La CorutTUCIiH 
ISyEli«MiD DoDwiH, M.K.I. RA "■' 

^rohoa, Pl«ra, BottF«a«aB, Ac: 

Ejiperimcnial IC~uvi on ihc PrlnciplEt of Coiuliuclian . liy W. Bi.Aini. 

Quantftlaa and Httaaurflment*, 

Oilrt^,-, SniLlLV, Carptnltrs iiDil J^lm Moxi. By A. C lil*iv<-- " — 

Th« Oomplet* Hwuurar : 

Sclllnt! fonh the Muti.remFni. uf Boardi, Cliua, Timlicr nnd Slont Rr V 
HiiBTim. fifth Ediiiun - = 

Ad tmnxluLUon lo the SciiiH:e of Optic!. Dnigned rorlhe UK af SC- 
oF Arch] led urt, Ktiftineatins. vid olhvr Airph^ ScteiK^v.. By IL VI 

Hints to Yonn^ Arohltaota. 

lifU. lli'tKISSON GuiLLAUHE, Anzhiled ..'... 

Arohiteotnre— Ordara : 

The Oidin Mid llicii .ILtlhciie Prindiplei. Ey W. U. Luuh II 
Arohitoatiira— Styles : 

Hie History nn/ t>e>criplio[| ^ (lie Sly1« of AichllKtun at Vsl 

<:<ium>ie. Fn.m lh<^ Kurlien Id Ihe Pnseni Period. Ay T. Talk " 

ApohitsotuFS— Dasi^ : 

TTir Prindpla of Design in Archileduct. «i dnlueilile froM Noun 
ijumpliGed^ in the Work), pf the Cnek and Ccchic ArEhheeti. By S 

Lacy GniimrrT, An:hil«:i. tlluunteil 

*.■ Tlir lkrtifrt.-rdi-K »'••'*• i- 0-u MatMsmt VbI., h>(/ inm 

'■ModRBI. AKCHirKtTUM. ■■/'«■'«». 

Parspeotlva for Baginnars. 

By Gsobg'b PvNE " '" .° . "".' ."'."'". T' , 
Arohiteatural Modelling in Paper. 

11) T. A. K;^iis>,us„», Willi IlluKmli^ns engru.ed by O. JUB 

Olass Staining, and the Art of Painting on OlaM.J 

yitmviuB— Ths Arohitaotura of. 

In 1'cn Bookt. Tranilnied riom tlu Luia by JasRm Cwilt, F.&.IU 

r.R.A.s. Wilt 3j Plate! eJQ 

N.B.—Thii ii Ihtexh Ediliin qfWtTiuiiivsfTrcmaiti H a mtdtntll frict. J 

Qreoian Arohltaoture, 

An I lugniry into the Principles orDEnuly in. With an HislorialVi 
KiM nnd ProgrevuTlhtArl in Greece. Uy the Kakl or Auuil>ia 



INDUSTRIAL AND USEFUL ARTS. 
Cements, Pastes, Otues, luid Oiims. 

A PraclicaL Guide ta the Manufai:iuri; adit Applicution oC Ihc various 

AKclulinanls rcquimi fur Workshop, Laboralory, or 01lii:u Use. With 

I npwurds ofo™ Recipes and FormulK. 13y H. C. Stanuaue . . 2/0 

L OloakB and WatoAea, tutd BbUb, 

A Rudimeutaiy Treaibe on. liy Sir Edmund Beckett, (J.C. (Lord 
GR.HTHORPK). Stv«itli Edition 4/6 

' The ODldsmitli's Handbook. 

CoutBiuing full IiLstrucligns In ihe Art of Alloylilg, Mdling, Sedudng, 
Colonring, Coliccling and Rcfiuine, Rrcovcry of Wasie, Solders, EnameU, 
&C., Ac. By GkqbCK E, C.EB. fhirdEditiou.cnlareed . . . 3/0 

The Silvarsmlth's Handbook, 

Ou llie same plan as th: Guldshith's MAKDUOOIf. By GEOKliE E. Gee. 
Seiraid Edition. Revised 3/0 

The Hill-MapkbStf of ' Jewel lerj^' ' 

Con.prLsinH an account of all Ihe differcnl Assay Towns oF Ihe United 
Kii.Eiluin; mlh Ihe S lamps and Laws telalLne to iheSlandardsaod Hall- 
Marks at .he various Assay Offices. By GHOaae E. Geb . . 3/0 

Praotioal Organ Building. 

By W. K DiouoN, M.A. Second Edidsn.Revised, with Additiona 2/6 

Ooaoh'Buildlntf : 

A Practical Treatise. By James W. Bubuess. Willi 57 IHusfations 2/6 

' The Brass Founder's Manual! 

Instmctions for Modelling, Pattern Making, Moulding, Turailig, fcc. By 
W. Gbaham 2/0 

I'Tha Slieet-Metal Worker's Guide. 

I 46 Djagrams. By W. J. E. Crank.' Second Edition, revised ' . 1/6 

['-Sswing Haohlnery: 

' Its ConsUTidion, Htstoty. &c. With full rechnical Directions for Adjust- 
ing, &C. ByJ. W.UnyUHART.CE 2/0 

I Fitting: 

A Practical Handhoak. By John Black. Second Edition, Enlarged. 
I With ,30 lUnslrations S/6 

k Oonatrootion of Door Looks. 

r From the PapcrscfA-C. Hobbs. Kdiled hy CHABijis ToHtTNsoK, F.R.S. 

I WithaNoleupnnlKUK SAPHSbyRudEKr Mallet. Illustrated. 2/6 

The Model LooomotlTe Engineer, Fireman, and 
Bngine-Boy. 

Comprir^ng an Historical Notice of the Pioneer I.DComntive Engines and 
their Inventors. By Michael Reynolbs. Second Edition. With 
nuiiietous Illustrations, and Portrait of George Stephenson . . 3/8 

The. Art of Letter Painting made Easy. 

By I. a. Badknocii. With II full-pagE Engravings of Examples . t /6 

The Art of Boot and Shoemaking. 

Including Measurement, Lasl.flliing, Cuiiing-oiil, Closing and Making. By 
John Bedfobb Leno. Withnnmerouslllunraiious. Third Edition 2/0 
Keohanical Dentistry: 

A Practical Tmtise on the Conslmction of the Various Kinds of Anilicia] 
Dentures. By Charles Hunte«. Thiid Edition, revised . . 3/0 
Wood Engraving: 

A Practical and Easy Intwduction to Ihe Art. ByW. N. Bkown . 1/6 

Laundry Management. 

A Bandbook for Use in Private and PuUic Laundtiei. IniiludingAccoiiols 
of Modem Machinery and Appliance. By the Editor of " Tt*. tiKflCMS:^* 
Joutnal." With numerou lUuUadaDi. &<»»A.1L>b<:»^ - - "Z-ff^ 




AGRICULTURE. GARDENING. ETC. 



; with Dtrec 



Irri^tlon ftnd IHTatsF Bupply: 

A Pnutitil Ircitiv on Wbib Mudowi. Scwiik< IrriEarion, Wirtiiiu,fte.: 
on Ih. D";«<utMon of W.llt, Pondt, Rnerralr., »e. Ily l^t.f^]olM■ 

J Wmlemyi nf Ibc 

(;ji*.,'air.lMiilei. liy Prof. JaiiH StoTi. WUb ij tiluXnUoiH . 1/8 

F»rm BuUdin^a: 

ihcir Arraniieiiiinl mid Contlni-ction. with PUu uid Etlim^Iu. Hr PnC 
JiiiHH Scuri. Wiib 105 Illiumtiapi 2/0 

B&nt ImpIamuitB and Maahinaa : 

Treating nf Iht Applitslion of l^>«« un] Miclitno uwd in ihc Thtotiing- 
bun, StocLrurd. llairy. &c. By Prof. J. ScnrT. With tij tHuilinticHU. 

210 
Flald Implamantm and MMthinai! 

With Principle mid Detail t of CDiuttuclion imJ Poimior RufIIidcc. llMii 
MiMgmiMi, &c. Ily Pruf. JoHM Scorr. Will, ijg niiul>i.tioot 2(0,^ 

A^Ioulturai Burvayinf : 

A 'l^iraCitf un L-ind Survvyin?. Lcveljlhc, and Scttipg'. 
(or VAluiiig K,uir>. By PigF. J. Scurr. With 61 ni 

Farm Bntflneartntf. 

llyPr,!7™jt JaiiH Scott. C™ipti.ing Ih. .!«-. S^vm VoIqb 

Outllnaa of Fajrm HanagameBt. 

TtQIing of tin (Imnal Work o( the Kam: Stock; Conlnd WbA 
Utwu., ftc. My R. Scott Bwkn ""^ 

Outlinaa of Landad Batatas Hanafamant. 

Fwmll'ltMdi, F.iiCH, Gbih, DrainaKc'ftc. By B. Sctrri BuniiT '2/< 

80IU, Hanuraa, and Crops. 

{Vut.1 Ouii-ii--'. nr Mt.T.K«H Kai.hi»g.) By R. Scott Buini . 

Farming and Farmini' Boanomy. 

(Vol H. Di-TLi-iKS <.r MT.PESH Ka-wicu-t By R, Scorr Burnt : 

Stook: Cattia, Sheas, and Horses. 

(Vol. 111. OUTM^KS or MoDliaNFMHIMG.1 lly R. Ston BtlHIl 

Dairy, Pigs, and Poultry- 

(Vul. 1". u. tll^Es OF MiiDi-nH Fahuimc.) By H- Scott Bimw 

Utilisation of Sewage, Irrigation, and BaoIamatlaK 
of Waste Land. 

Hl.1. V. OiTLi^Ki or MoLi-KH FAi,ui«-,,) Ry K. ScoTT BuilB . 2| 

Outllnas of Modern Farming. 

Hr K. Scott Bukm, ConsiMraj. .rf tl« .boye Fivo Volnmei in Out 
_ ., -— t4,^l.wWi ta/fl 



J,, profuKiy lUuilv 



weale's scientific and technical series. 11 
Book-keeping for FarmePB and Bstate Owners. 

A I'racilcal TrealiK, pn:uiitUig, 'm Three Plans, a System adapted (or all 

Beady Reoboaer for the Admeaeurement of Land. 

ByA. Abman. Third Edilion, revised fliid esIMdcd by C. NuRKis 2/0 

Uiller'a, Corn Herohant*H, and Farmep'm Ready 
Reokoner. 

Secutid Edilion, revised, with n Price Lisl or Modem Flour MDI Machinery 
byW, S. Hltio.., C.E 2/0 

The Hay and 8tra^ Heaanrer. 

New Tnblea for ihe Use (if Auclionecrs, Valuers, Farmers, Hnf =ild Sitaw 
Dealer!, &c. By JdiiN SrHELii 2/0 

Heat Ppodnotion. 

A Mnuiial for Producers, Dij.lr'bulars, and Consumers of Bulchcra' Meal. 
By Jo«N E«ART 2/6 

Bheep: 

The Hitlory. Structure. Economy, aud Dlxa^es of. liy W. C. Sfooneii, 
M.R.V.S. Fifih Edhion. with fine Engraviugs 3/6 

Uarket and Kitchen GaFdaning. 

By C. W, SsftW, lale Editor of " Gardenins llluslralol " . . 3/0 

Kltohen Oardeninf Hade Basy. 

Showing the be>t means of Culiivallitg every known Vegetihle and Ueih, 
«c„ with direqiions for maoagemeni all the year round. By Ghokcb M. K. 
Gki^snv. [H„,i,a.<d ■-.... 1/6 

Oottoge Gardeninf: 

(It Flovie.s, t>uils, nud Vegetables for Suull Gardens. ]iy E. HoBOAV. 

1/6 
Garden Receipts. 

Edi,.d by Chables W. gujN 1/6 

Fruit Trees, 

The Seientdic and ProJilabie Culture of. From the French of M. Du 
Ebkuii.. Fourth Edition, carcfulty Revised hy Geohob Gi^nhv. Wiih 
.a; Woodcuts 3/6 

The Tree Planter and Plant Propagator ; 

With numerous llliistralion! of Grafting, Layering, Budding, Implimenn, 
House-s Pits, &c. Ily Saiiukl Wdob g/Q 

The Tree Pruner: 

A Praciical Manual on the Pruning of Fmil Trees. Shmhs, aimbeis, and 
'.■ T/it ai^it 7'w P'i:Ij. iu Oh', AaAi/xcmily /u//-iaiiHd, fria 3i. 6i/. 

The Art of Grafting and Bnddtng. 

liyCuABUEsBALTBT. With Illustrations •a.\^ 
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MATHEMATICS, ARITHMETIC, ETC. 
Dawuiptiv* GsomatFy, 

An lilciiieuuiry TraatiK CO L with (TbiiaiyiirShwtain uid of P«i31mcUh. 
txIiSEieJ rniDi ihe FicDchorC Mdhci. To which is added a Dwripiion 
at Ibt Piinciplei and Practice of lumctrical Frajedion. By J. F. KEATimR, 
M.A. WiilinPi»«' 2/0 

PnuttleaJ Plana Ooomatiy; 

Givinj The 5iiDpl«t Modes uf Cumttucltng Figure* coalained in one Plane 
■nd tleumetiicdl Cadstrucnud of the Cnnind. liy J. F. Hiath^r, MA. 
With 115 Woodcuts 2/0 

Aiudytloal OeomatFy and Conio SeottonB, 

A Kiidimcnlary Ttcat^ «i. By Iambs Hann. A New Edilion, R- 
written and enbtted by ProfeHKir J. R. VouNC .... 2/0 

Buolld (Tha Blementa of). 

With maiiv Additional Prn™.llinn..i a„d Ejplsiialory No.Q : to which ii 
_-. ■■- "- TT Law, aE. . 2/6 





rcfii.td an InifoduMory 


Em, 


OB Logic 


EnoUd. TI«FiHfJW 

EuoUii. B»ks 4, 5, 6, , 

Plana Tri^mometry, 


iaiu 


ufanUly 
By HBr. 

By IllLNK 



InteA-al Oalculua. 

Hy HoMBIUKAt. Co. 

Al^abra, 



A Hey and Companion to th« Abova. 



Commercial Book-keepinf. 



i 



■nd for Self-Instruction, By J, : 
in Beirut College. Eleveoih K<ii 

A Key to tha Abova. 

Sy J. R, Young 

Bquational Arlthmatlo, 

Ajiilicd loQueitions .-" " 
Coinnierce ; with t-arioi 
Ihdililoted. By W. Hi 

Arithmetic, 

Rudimentary, for li.e Use of Schi 
Haduon, M.A. Revised by Aami. 

A Key to the Above. 
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Hatfaematioal InBtrumenta : 

Their CanfitrDcLioa, AJjiuLmcnt, I'eEtmg, find Ufle concisriy exr^uned. 

By J. F. Hbathbr, M.A., oT ihe Kdvat MilltBry Academy, Woolwich. 

Fouricenlh Edition, Reri»d, mlb Aaditioiur, by A. 1'. Waluislev, 

M.I.CK Original Edition, in I vol., tlluatroled .... 2/0 

%• /m ordiring tki abtntt &t cure/ait to say *' Original EiifJio/t," or give tht 

«umin- in liiSiiiti(3i), U ditlatgll'sk it /ram tin Eidargid Rditim im 

3 M/i. (JWr. i6!-g-7o). 

DFa^in^ and Heaanring InBtrnmentB. 

locluding— I. lostrunienls employed in Geometrical snd Mcchanicil Draw- 
ing, snJin the Consuuclion, Copyiog, and Masurement of Meps and 
Plans. 11. Inslniments used Tsl the parpoKl of Accurate Meuureoient, 
and for Atilhn>elicd Coopntslion^ By J. F, Hsatker, M.A. . 1/6 
Optloal Instrumeiita. 

Including (metre e&pccially) Telescopes, Microscopes, and Apparatus for 
producing copies of Maps and Plani by Photography. By J. F. Hkather, 
M.A. lIluEtraled 1 /Ci 

Someyin^ and ABtrouomioal IiiBtnuneiits. 

of a''i™«on 'of^Giomd! Il!°lDBlriime™«nufoyed inXltouoouiS Oh^ 
sfTvations, By J. F. Hbathsk, M.A. llluatraied . . . .1/6 
*.' Tkcahait Ihrtt voliimct firm ok mlargcmiHl a/lkr AHlhm's mgiital work, 
'• MalhtmaUaU Irulnimtnu:" priciii. {Sit No. -^in til Striii.) 

Hatlieiiiatioal Inatrtunents : 

Their Cunsiruction Adjusimeni, TslinK and Uw. Compriiing Drawing, 
Measutine, Outioai, Surveying, and ABIronomJcal InBlruments, By J. V. 
Hbather, M.A. Enlarged Hailloa, for the most part entirely re-wrillen. 
The Three Parts u above, in Ode thick Volume .... 4/6 
Tha Blida Rule, and How to Dbs It. 

Containing full, easy, and simple Iftslmctions to |»rfonn all Buunesa Col- 
cuialiona with unexampled rajudity and accuracy. By CUdtCLES IloA^B, 
C.F.. WithaSlidcKulcinluclcolcDver. Filth Edison . . 2/6 

Iio^artthma. 

With MatbematidJ Tab1« for Trigonometrical, Aumnoniical, end Naaticil 
Calculationi. By Uehbv I.iw, C.E. Kevised Edition. (Forming pan uf 
the above work.) 3/0 

Compound InteFest ajid AnuDitiea (Tfaeopj of). 

With Tables uf Logarithms for the more DiFRcult Computations of Interest, 
Diamunt, AnnuiUes, &c, in all their Applications and Uses for Mercantile 

Hathematloal Tables, 

For Trigon<.met.ical, Astronomical, and Nautical Calculations ; 10 which is 
preiiied a Treatise on Logarithms. By H. Law, C.E. Together witli a 
a=riesufTablcsforNayiRationand Nautical AsIroDomy. By Profetsor 1. 
K-VOUNC. New Edition 4/6 

Hathematioa, 

Ai applied to jhe Conslmciive Arts. By Francis Camp[h. CE., &c. 
. »■.....__ '3/Q 

Main, F.I(.S. Third Edition, revised aud cor- 
rected to the Present Time. ]ly W. T. LVHK. F.K,A.S. . . . 2/0 

StatloB and DynamfoB, 

The Principles and Practice of, Emhricinp also a clear development nf 
Hydrostatics, Hydrodynamics, and Central Fonati. By T. BAkEa, C.E. 
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BOOKS OF REFERENCE AND 

MISCELLANEOUS VOLUMES. 

A Dlotionciry of Painters, and Handbook for Picture 
Amataura. 

[Iiirv • Guide for Viiilon lo Publii: and Private Ficturt Gallems, and for 
Art-SiuileniB, includ[nE Gloisuy of Tcrmi, Skeldi af Prindpll Scbools of 
Painiinc;, &c. By Philippe DA■V^ B.A. 2^6 

Paintlntf Popnlarly Bxplalnad. 

b7^'. J. fiuvi-icK, P^n.", m,d John T,««, F.S.A. Including Fr«m, 
o!), Mouic, Waur Colnui, Wats-Glui. Tempm, Encomric, MinialiiK. 
PaiillineDllIvoiy,Vo11um,Pullery,Ermmtl,Glajs.ac. Fifth Eililion 610 

A Diotlonary of Tarma usod In AFohiteotnre, Bnild- 
in£. Bn^eerlng. Mining, HetaUupfy, A ' 
□lotfy, tn« Fine Arts, &o. 

By J(.«s Weile. Si.ih KJitLcn. Ediicd by ROOT. HUNT, F.R.^ 

Huslo: 

A Rudimcncary ■«] Prinica) Tnatiie. Wild anmerans Ciunplst. 1 

Chables Child Sprncu 

Pianoforto, 

The An nF Playing thE. With nnmcroui Exercises and Lcubbs. : 



The Houaa Hanager. 

, Dairy Manisinio , 
brewing and Wine-makinB, Stable Kconnmy, Gardening Operaliont, A 



Being a Guide lu HouMitecping, Practical CooJiery, Picklinj, 

ing, )jDu»hDld Wark.^ Da.r^ Man^eniuil, C^ls^llEf nf^Wlnci, Hob 

D HOKSBKE 



Manual of Domestic Hedioine. 

By K. Goo»]Na M.I). Iiilcmted st a Family Guide in 
Accident and Emorgsncy Third K^iilnn, catcfully re^&ed 

Management of Health. 

A Manual uf Home and Personal HyBieoe. By Rev. JaUKS BXISB MQ 

Natural FhUoaophy, 

Koithc Use i>f Beginners. By Cmablbs TouLINBDN, F.B.S. . . 1/fl 

The Bleotrio Telegraph, 

Its Hiilorv and Pro^jresi. Wilh DeKriptions of same of Itie Apparsuns, 
Uy k. Sabinb, C.E,. F.S.A., &c "■* 

Handbook of Field Fortification. 

By Major W. W. KHOLLva, F.R.G.S. With 1S3 Woodcun 

Iiogio, 

Pure and Applied. By S. K. Ehhek<. Third Ed ilian . 

Locke on the Human Underatandlng, 
The Compendious Calculator 

(/■(x.fmf Calc-./ata>a). Or Easy and ConoK Melhuds nFPe 

various Arifhmelicai OperaUons roquired in Comyiercial a . . 

Transactions : togethK wilh Useful lables. &c By DaHIEL O'CoKMaI 
'"---ity.M»enthE^>iDO,c»ni(iilWKviKdl>vC. Nomiis . ~" 
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, Weiifhts, and Honeys of all Matlona. 

aji Aiialy»i* of Ihe OiriiiUn. H^htew, and Mahointla.i Calendars. 
. S. E. WOOLHUUSE, F.R.A.S., F.S.S. Sevenlh Edition . 2/6 

map of the Bntfliah Ton^s, 

Spdkm und Written. Witb an Inlroducrinn to the Study a! Cuuiparalim 
PliaolQsy- ByHvDE Cl&rkb, D.C.L. Fifth Ed iiiaiL . . .1/6 
gtlonary of the Bnglieh Iian^age, 

*- "—'--- and Written. Comainlig above i=a,(ioo Wotds. By Hvds 

C.L 3/6 

.«/'"' w/rt l/u Gbah*m« 5/6 

mpoaltion and Punotuation, 

BnV^°^iKi""VNAN. ''.BihTdiTioa ?''"^\' .' ." '! T^t/s 

inofi Orammar. 

With Camplete anil Concific Rales on the Genders of Freni:h Nouns. Ely 
G. L. Strai-ss, Ph.D 1/6 

rrenoh-Eiii£lUh Diotlonopy. 

Cnmpris.ng a Large number of New Terms used in EnKineerillg. MininR, 

ftc By Alfbed Elwhs 1/6 

Inglish-Frenoh D lotion ary. 

ByALFRKl. ElWEB 2/0 

inah Dlotionary. 

"ht Iwa Pans, as above, complelc in One Vol 3/0 

V OrWf* /i^ G»AMH-R. 4/6. 

I and ESngliah Phpase Book. 

onlaming Introductory LeHons, with TianslalLnns, Vucabulari=5 ofWordi, 
oiJecIion of Phra.'^es, and Easy Familiar Dialogues . . . .1/6 

ja Orammar. 

dapMd for English Sludenls, fmm Heyte's Theoretical and Ptsclical 
rammar, by Dr. Q. L. Sti.:«;s9 1/6 

n Triglot Diotlonary. 

J N. E.^, A. Hamilton. Part I. German-French-EuEliih Pan II 
.ngHnh-Gennan- French. Pari III. French -Gerraan-EngUsS . . 3/0 
1 Triglot Diotionary 

l> above). Together with German Grammar in One Volume , . S/Q 

k Orammar 

rrnnged in Iweniy Lessons, with Eierdsea. By Alfred Elwks . 1 /6 
1 Triglot Diotlonary, 

Jleddown. By ALFKHt. Euw^ Vorritalirn''-Engirsh'^l^di™2/^ 

1 Triglot Dlotionary, 

yALFRHD Elwes. Vol. 3. English-French-Italim . . . 2/6 
I Triglot Diotlonary. 

I Triglot Dlotionary 

LsaboveX In One Vol 7/6 

yBpanlah Orammar. 

nlBh-Bnglish. and Bngtlah- Spanish Dlotionary. 

.„.l.,^;„„ , i^rge number of Teehnical Terms used in Mining, EnginwriuE, 

V Or»((*(*iGRAH«Ai, 6/0. ' ' '*'° 
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Portu^aae Oram mar, 

. Poptugueae- English and Bn^Ub-Portugaess 
tlonary, 

IndulmE a r>r;« numhtr of TKhnicnl Tfnm nud i- Minin 
&c, ivilh the pnHicT AccenU uid lli« Gender of emy Nou 
ELWts. Thinllfililioii. rerucd 



Phymlos, 

Huidboak oL By DinHV 
In O™ Vgl, (jji ingo), c. 
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